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Abstract
Sichta, Thomas A., M.A., May 2000 Anthropology
Estimation of Ante-Mortem Weight from Adult Human Skeletal Remains 
Director: Randal! R. Skelton < S  f
The ante-mortem weight of an individual is difficult to estimate from skeletal remains. 
Previous research into this subject, following a number of different paths, has led to no 
fruitful conclusion. It is for this reason that the current project was undertaken.
A sample of 189 skeletons were examined from the Terry Collection at the Smithsonian 
Institution’s National Museum of Natural History in Washington D C . This sample was 
chosen from the collection at large due to the completeness of specimens, completeness 
o f known data on individuals, and pathological considerations. It was hypothesized, 
through W olffs Law of bone remodeling, that weight should effect bones of the arm and 
leg differently, as legs are weight bearing and arms are not. Other studies have examined 
only one bone, and it was hoped that by comparing bones of the upper and lower 
extremities, a more accurate and effective method of weight estimation could be 
established. Stepwise multiple linear regression analysis, Pearson’s R correlation 
coefficients, and coefficients o f determination for each o f nine subsamples, however, 
showed little correlation between any o f the measurements and ante-mortem body 
weight.
Ill
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Chapter 1 : Introduction
Statement o f  Problem
The public has a great interest in seeing that justice is done. This includes the 
capture of criminals, and their successful prosecution. In certain criminal cases, the 
descriptions of missing persons must be matched with an individuals skeletal features. 
This is crucial in cases involving skeletal remains.
Forensic anthropologists are the specialists that undertake this challenge, and are 
currently able to discern the majority of the biological profile of an individual from their 
skeletal remains. This is extremely helpful when trying to match a set of skeletal remains 
with a missing person report (Price, 2000), or a description of a loved one (as in human 
rights cases) (Bums, 1999). These types of ante-mortem descriptions focus on a number 
of biological characteristics, some which can be discerned from skeletal remains, such as 
sex, age, stature, occasionally ancestry, broken bones, and certain diseases (Bass, 1995; 
Brothwell, 1981; Bums, 1999; Iscan and Kennedy, 1989; Krogman, 1962; Morse, et al., 
1983; Roberts and Manchester, 1997; Schwartz, 1995; Steele and Bramblett, 1988; 
Stewart, 1979; White, 1991), and some which cannot be discemed from skeletal remains, 
such as tattoos, scars, and, up to this point, weight.
The determination of an individual’s weight, while an important aspect of their 
biological profile, has not been thoroughly investigated or reported on. In fact, in an 
examination o f some o f the “essential” forensic references (Bass, 1995; Brothwell, 1981; 
Bums, 1999; Iscan and Kennedy, 1989; Krogman, 1962; Morse, et al., 1983; Schwartz, 
1995; Steele and Bramblett, 1988; Stewart, 1979; White, 1991), only Stewart and Morse,
1
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et al., even mention the subject.
Stewart (1979) gives the subject of body weight a four page chapter in his book. 
This chapter is concerned mainly with Trotter’s (1954) examination of stature as it relates 
to weight, distal humerus and femur measurements, and dry bone weight. Baker and 
Newman’s (1957) study of the estimation of living body weight is also mentioned. They 
focus on the dry bone weight of the femur and the entire skeleton as a basis for estimation 
of living body weight.
Morse, et al. (1983), feel that “There is no proportionate relationship between the 
weight of a skeleton and the total body weight...” They feel that bone weight can be 
altered by osteoporosis, other endocrine disturbances, or prolonged illness.
A number of other researchers (Huxley, 1992; May, 1999; Ruff, et al. 1991; 
Sciulli and Pfau, 1994;Wheatley, 1999) have done studies on weight estimation since the 
publication o f most o f the texts mentioned above, and will be examined in more detail 
later in this paper.
Overall, there seems to be no technique that can accurately predict the ante- 
mortem body weight of an individual from skeletal remains. This, therefore, is the 
problem at hand. I feel that morphological changes to bone due to mechanical loading 
can provide measurements that can predict ante-mortem weight.
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Review of Literature
Skeletal Biology and Physiology
An Introduction
Several issues need to be addressed concerning the biology and physiology of 
bone. First, a quick overview of bone’s cellular composition will be covered, followed 
by a detailed section on both bone modeling and remodeling.
Cellular Composition
There are two main types of bone cells which contribute to bone resorption and 
bone formation. The bone cell that contributes to resorption is the osteoclast. This cell is 
closely related to other macrophagous cells, which “migrate throughout all tissues of the 
body to remove debris and pathologic material (Martin, et al., 1998).” They normally 
line approximately three percent of the internal surface of bone (Guyton, 1985). They 
resorb bone at an approximate rate of tens of micrometers per day. This resorption is 
facilitated first through demineralization of adjacent bone with acids, and second by 
dissolving bone collagen with enzymes (Martin, et al., 1998). This resorption leaves 
uneven, scalloped edges of a resorption canal (Jowsey and Gordan, 1971). Resorption by 
osteoclasts takes place both during bone growth and repair, as well as the destruction and 
removal of bone (Steele and Bramblett, 1988).
The bone cell that contributes to bone formation is the osteoblast. These cells 
“are found near bone in close association with the periosteum and endosteum (Guyton, 
1985; Steele and Bramblett, 1988). Their main function is the formation of the organic 
part of the bone matrix, known as osteoid. This formation occurs at a rate of about one
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micrometer per day. Osteoid is composed of collagen, a structural protein found in bone, 
tendons, ligaments, and skin; non-collagenous proteins; proteoglycans, primary polymers 
found in bone and cartilage; and water (Jowsey and Gordan, 1971; Martin, et al., 1998). 
Osteoblasts may also play a part in the osteoid’s primary mineralization (Steele and 
Bramblett, 1988). As the osteoid calcifies, much of the water is replaced by mineral 
(Martin, et al., 1998).
Cellular Action
There are two main types of morphological change present in the skeletal system. 
Modeling of bone involves osteoclasts and osteoblasts working independently to alter the 
size and/or shape o f the bone. Modeling occurs most readily during childhood growth 
and development, and slows markedly after physical maturity. Also, modeling is a 
continuous and prolonged process. Modeling has been described by Lacroix (1971) (who 
calls it external remodeling) as “the addition of new bricks to a wall in order to heighten 
or thicken it,” and bone subtraction, tearing down bricks where they no longer belong. 
This allows bone to “keep its general shape from beginning to end of growth (ibid).” 
Remodeling (called internal remodeling by Lacroix), on the other hand, involves coupled 
actions of osteoclasts and osteoblasts in basic multicellular units, or BMUs. The action 
of the BMUs in remodeling generally does not affect the size and shape o f the bone. 
Remodeling occurs throughout life, and is episodic, “having a definite beginning and 
ending (Martin, et al., 1998).” The terms modeling and remodeling are based on the 
work of Harold Frost. Some scientists refer to both mechanisms simply as remodeling 
(ibid).
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Skeletal Biology and Physiology: Modeling
As mentioned above, modeling is essential to producing a mature bone with 
proper proportions. If only length, not width, is added to a growing bone, it will not have 
the prescribed dimensions. Also, as each growing individual “loads his or her skeleton in 
a somewhat different way,” modeling allows the forming skeleton to be customized to a 
specific individual’s needs (Martin, et al., 1998). There are four main modeling 
functions of bone, metaphysis modeling (decrease in bone diameter), increase in bone 
diameter, diaphyseal drift, and flat bone modeling (ibid).
In most long bones, the diaphysis, or shaft, o f the bone is thinner than the 
epiphysis, or end. Sometimes, the metaphysis, the section of bone between the epiphysis 
and diaphysis, which is produced from the growth plate, needs to have it’s thickness 
reduced in order to achieve the bone’s prescribed dimensions. This is accomplished 
through continuous osteoclastic activity on the exterior surface o f the bone. This type of 
modeling is most important “in bones with a widely flaring metaphysis such as the 
proximal tibia.” Other long bones like the phalanges do no need this type o f modeling 
(Martin, et al., 1998).
During an individual’s growth, bone diaphyses increase in diameter, facilitated 
by a gradual build up o f bone by osteoblasts on the surface of the periosteum, a thin 
tissue on the outer surface of the bone. In order to maintain a reasonable thickness, 
osteoclastic resorption activity also takes place on the surface o f the endosteum, a 
membrane on the inner surface of the bone (Martin, et al., 1998; Steele and Bramblett, 
1988).
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Diaphyseal drift functions to adjust the curvature of long bones during growth. 
This is facilitated through osteoclastic activity on the periosteum and osteoblastic activity 
on the endosteum on one side of the bone, while osteoblastic activity on the periosteum 
and osteoclastic activity on the endosteum takes place on the other side of the bone. This 
can increase, decrease, or simply alter the curvature of a long bone (Martin, et al., 1998).
The last major form of modeling deals with flat bones, such as those of the skull. 
As an individual grows, their brain grows as well. The bones o f the skull must be 
modeled so that the growing brain will have plenty of space. This is facilitated by bone 
resorption on the inner surface o f the cranium and bone formation on the outer surface of 
the cranium (Martin, et al., 1998).
Skeletal Bioloev and Phvsiologv: Remodeling
Lacroix (1971) refers to remodeling as "internal remodeling,” which he describes 
as “the histological process by which bone tissue is destroyed [in] places inside the 
skeletal pieces and immediately replaced, without any obvious link with the necessity of 
giving its typical shape to an individual bone.” This type of remodeling is also called 
haversian remodeling, after Clopton Havers, and histological remodeling by Harold Frost 
(Martin, et al., 1998).
Remodeling is known to be constant in higher vertebrates. In remodeling, sequential 
resorption of bone volume by the osteoclasts is followed by formation of bone by the 
osteoblasts. This sequence is known as the activation-resorption-formation sequence, or 
ARF (Frost, 1994) The forming bone is laid down in circumferential rings of lamellar bone. 
There is a period of inactivity between the time of osteoclastic bone resorption and
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osteoblastic bone formation. It is at this time that the line of reversal, or cement line, is laid 
down. This line marks the outermost border of a haversian system. The space hollowed out 
by the osteoclasts is mostly, but not completely, refilled by the osteoblasts. The area left 
unfilled is known as a haversian canal. This creates a small net loss of bone mass at the 
completion of the remodeling process (Stout, 1989).
W olffs Law 
An Introduction
W olffs Law, the postulate that explains bone’s reaction to mechanical stress, may 
be one of the best-known but least understood principles in skeletal biology today. While 
most researchers and students have heard of the law, few have a solid understanding of the 
underlying theory or the mechanisms by which it operates. This could be due to a number of 
factors, including, but not limited to, the fact that W olffs original work. The Law o f Bone 
Transformation^ has only been available in English since 1986. A short biography of Julius 
Wolff, the German orthopedic surgeon for whom W olffs Law is named, a history of 
W olffs Law, and our current understanding of the mechanisms by which bone transforms 
itself will be presented.
Biographv of Julius Wolff
Julius Wolf was bom in West Pmssia in 1836. He was educated in Berlin in the 
1850’s, and earned his medical degree in 1860. At the suggestion of Professor Langenbeck 
of Surgery, Wolff studied the relationship between the anatomy and function of bone for his 
Ph.D. dissertation.
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After completing school, Wolff started a general medical practice, but was called 
into military service in 1864. While in the service, Wolff worked as a military surgeon.
When he returned from the military to Berlin, Wolff focused his practice around 
orthopedic surgery and developed a private orthopedic hospital and clinic. During this time, 
Wolff developed a novel method for thin sectioning and cleaning bone to examine its 
trabeculae, the porous bone at the ends of long bones. This would later become the focal 
point of W olffs Law.
As his reputation as a surgeon grew, Wolff was appointed to several prominent 
positions at the university of Berlin, including the position of Extraordinary Professor of 
Surgery in 1884 and Director of the University Clinic of Orthopedic Surgery in 1890. In 
1892, his book The Law o f  Bone Transformation was published and funded by The Royal 
Academy of Berlin. This work was a collection of ideas from some o f his previous articles, 
as well as new material, covering much of his experimental work with bone remodeling. In 
addition to this experimental work, Wolff made significant contributions to the treatment of 
clubfoot, harelip, and nasal deformities (biographical material from Peltier, 1988; Editorial, 
I970;Meyer, 1997).
A Historv
W olffs Law of bone remodeling has a long and interesting history. In reality, Wolff 
had very few original ideas, and even those are in question (Cowin, 1989). The following is 
a discussion of Wolff s predecessors in the study of bone adaptation, and their significant 
contributions to W olffs Law.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The main influence on Wolff came from Hermann von Meyer, a well known 
anatomist, and Karl Culmann, a leading structural engineer who pioneered “graphical 
statics,” the then current standard for stress analysis of structures. Several stories exist as to 
how these men came into contact with one another (Cowin, 1986; Cowin, 1989, Martin, et 
al., 1998). One report states that in the summer of 1866, Meyer was presenting a paper at 
the Natural History Society Meeting in Zurich. His presentation included several prepared 
proximal femurs and drawings showing their cancellous architecture. Culmann, who had 
done work on the structural support in mechanical cranes noticed a distinct resemblance 
between the proximal femoral architecture and his “graphical static” drawings of a Fairbaim 
crane, a common mechanical crane in the 1800s (Cowin, 1989).
Another story has Culmann visiting Meyer’s laboratory, and upon seeing a prepared 
proximal femur, again notices a resemblance to his “graphical static” drawing of a Fairbaim 
crane (Lee and Taylor, 1999; Martin, et al., 1998).
Several other authors, who probably had less of on impact of Wolff, wrote on the 
topic of bone transformation as well (Cowin, 1989). As early as 1683, Galileo reported on 
the implications of the “shapes of the bones.” Monro, in 1776, and Bell, in 1827, recognized 
that the architecture of cancellous bone had “reference to forces acting on the bone.” Bell, in 
1827, and Bourgery, in 1832, reported that bone architecture, which is influenced by 
mechanical forces, maximized strength relative to the material used (Martin, et al., 1998). 
Similar to Culmann and Meyer, Ward compared the architecture of the femur to the 
structure of another existing structure, that of a street lamp. Termed “Ward’s Triangle,” the 
trabeculae in the femur greatly resembles a street lamp’s crossbar (Lee and Taylor, 1999;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Martin, et al., 1998). In 1917, Koch, an engineer and physician, calculated stress lines based 
on a force applied to the femoral head, and compared his data to Culmann’s crane data 
(Martin, 1998). Wolff himself mentions Herbert Spencer, saying that he “expressed the 
opinion that function from beginning to end solely determines structure.” Wolff also 
mentions Lamark’s “concept of use and n o n - u s e . a n d  states “ .. .that function has a 
determining influence on the structure as well as on the form of the substrate serving it.” He 
also quotes “Darwin’s teaching [that] every change in function brings about the 
development of new forms (Wolff, 1988).” Cowin (1989) reports that the works of Pauwells, 
Murray, and Thompson may have also influenced W olffs work.
Perhaps the individual that should have the law of bone transformation named after 
him is Wilhelm Roux. Roux proposed the idea that trabecular alignment was effected by 
function, but proposed the idea that these alterations were caused by what we now call 
remodeling, cells forming and resorbing bone (Martin, et al., 1998). Roux was also 
influenced by Darwin, and published a paper on functional adaptations of bones in 1880, 
twelve years before the publication of W olffs book (Lee and Taylor, 1999)” Compared to 
Roux, Wolff fell that bone was a plastic substance, and did not consider cellular action 
whatsoever (Editorial, 1970). So why is Wolff credited the way he is? After the Culmann 
and Meyer episode, Wolff published quite extensively on the topic. His articles caused his 
quick rise to prominence (Martin, 1998). Cowin (1989) says that “in all fairness, Wolff 
provided a reasonable summary of ideas at the time.. .”
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A Current Synthesis
WolfTs personal contribution to the law of bone remodeling was his prediction that 
trabeculae would cross at 90® angles (an orthogonal pattern). A non-orthogonal pattern of 
trabeculae has been observed in many joints. Pidaparti and Turner (1997) show that under 
multi-directional loading, as in the proximal femur, a 60®, non-orthogonal pattern of 
trabeculae intersection is preferable. In these types of loading situations, shear coupling, a 
form of shear stress, can be reduced by 33% to 75%. In bones such as the calcaneus, where 
stresses are unidirectional, an orthogonal, 90° trabecular pattern does in fact work best. In 
effect, one of W olffs only original contributions to his book turns out to be an incorrect 
prediction for all trabeculae. It does, however, prove that the function of a bone (or its 
direction(s) of loading) will effect its form, the true heart of W olff s Law (ibid).
Bone’s structural adaptation to mechanical usage (SATMU) responds to loads and 
loading history. In other words, bone responds to the average of many strains, not just to 
single forces. Large strains effect bone more than small ones, regardless of their frequency. 
Frost lists five main causes of SATMU, and bone’s response to them. They are uniaxial 
compression, uniaxial tension, longitudinal compression plus flexure, longitudinal tension 
plus flexure, and hollow bone with longitudinal compression and flexure. In all of these 
cases, the bone diameter increases, and in the last three, original curvature decreases. It is 
important to note that modeling can only increase a bone’s mass, not decrease it (Frost, 
1994).
As mechanical fatigue fractures occur, it is the job of BMUs to repair the damage 
and keep it from accumulating. This is accomplished through the ARF sequence, removing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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damaged bone and replacing it with new, healthy bone. Based on this fact. Frost proposes
four windows of mechanical usage:
The Acute Disuse Window-At this level, there is a sudden, complete disuse 
of a certain part of the body. At this level, EMU creation/activation 
increases.
The Adapted Window-This is the level of the healthy adult. EMU 
creation/activiation is at a normal level
The Mild Overload Window-(heaIthy adult) At this level, bone adapts to 
increased muscle strength and increased body weight. EMU 
creation/activation stays near normal, but lamellar modeling is turned on to 
add strength by adding bone.
The Pathological Overload-BMU creation and activation increases in order 
to repair microdamage, and woven bone modeling begins (Frost, 1994; Lee 
and Taylor, 1999; Meghii, 1992; Mullender and Hiiskes, 1995; Rubin, 1990).
Eased on this information, both Frost (1994) and Prendergast (1995) believe that
modeling and remodeling work together. Modeling drifts adjust bone architecture in order
to minimize mircoffactures by keeping micro strain levels low while EMUs repair what
damage does occur. The levels of micro strain at which windows of mechanical usage begin
and end can be affected by a number of factors, including age, genetics, drugs, hormones,
disease, etc. By increasing the levels of micro strain, bones will under adapt to stress and
strain, and will be more likely to fracture from injury. Also, with increased levels of micro
strain, fatigue fractures occur more frequently. This is because bones will not begin
modeling or remodeling until a higher level of strain is achieved, thus they will be under
adapted. If these levels of micro strain are decreased, bones will over adapt to stress and
strain. This means that modeling and remodeling will occur at lower stress and strain rates
than normal. This provides better protection for bone from damage (Frost, 1994).
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These factors, among countless others, affect the structure of bone. The structural 
difference has been used in many attempts to determine ante-mortem weight for the 
skeleton.
Methods of Ante-Mortem Weight Estimation from Skeletal Remains
Several methods of estimation of ante-mortem weight have been attempted by 
various researchers in the past with mixed results. These methods fall into three main 
categories, the weight of diy or semi-dry bone mass, x-ray density methods, and methods 
dealing with skeletal morphology.
Skeletal Weight
Some o f the earliest attempts to estimate ante-mortem body weight from skeletal 
material focused on the weights of the bones. Several studies, although not concerned 
directly with weight estimation, did look at the utility of the weight of the skeleton, paving 
the way for friture researchers. Jindrich Matiegka (1921), for example, estimates the weight 
of the complete skeleton based on four skeletal measurements, “the maximum transversal 
dimension of the lower end a.) of the forearm, b.) of the femur, c.) of the thigh bone, and d.) 
o f the leg; in other words the transverse diameter of the humeral and femoral condyles and 
of the wrists and ankles (ibid).” It is noted that, for increased accuracy, the condylar 
measurements are “taken on the bent extremities (ibid).”
At this point, Matiegka (1921) formulates an equation, 0=o^ x L x k„ where O 
equals skeletal weight in kilograms, o equals the average of the four skeletal measurements 
listed above in centimeters, L equals stature in centimeters, and k, is the coefficient, which 
Matiegka estimates to be between 1.0 and 1.2, but notes that this “still needs to be tested on
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corpses (ibid). Matiegka uses this equation to predict the skeletal weight of an individual, 
noting that the weight of the whole skeleton equals 18.1% of the weight of the body (ibid).
Later in the article, it is noted that certain occupations (butchers and blacksmiths, in 
Matiegka's article) have “on an average a heavier skeleton...” than other occupations 
(barbers in Matiegka’s article) (ibid). Although the methods Matiegka used to come up with 
his measurements are somewhat flawed by design, the ideal of different skeletal structures 
(weight) based on activity, or in this case, occupation, are supported by numerous studies of 
so called markers of occupational stress (Dahl, et al., 1981; Dutour, O.; Frayer, 1988; 
Kennedy, 1983; Kennedy, 1989; Manzi, et al., 1991; Ubelaker, 1979; Wiiczak and Kennedy, 
1998) as well as studies on bone remodeling due to stress, as mentioned earlier in this 
chapter.
Another early investigation of bone weights was conducted by N. William Ingalls. 
His study looked at the weights of all of the bones in the body, as opposed to most previous 
studies, which Ingalls notes were either “confined largely to certain bones or groups of 
bones [or were] often based on a relatively small amount of material (Ingalls, 1931).” 
Although, like Matiegka, Ingalls did not attempt to estimate ante-mortem weight from the 
skeleton, his systematic approach to the study of bone weights was influential to future 
studies.
Ingalls notes that:
[Bone’s] form and quality are the results of the demands made upon it, and 
for this reason, it is not static and stable, made and finished once for all, but it 
must adjust and accomidate itself, as best it may, to varying conditions as 
they arise. The general form and charicter of any bone are determined in a 
large measure by early development, or hereditary factors, but the working 
out of the later details, and finer differences during the life of the individual
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are rather the expression of its reaction to its environment. It is only by 
virtue of its sensitivity and adaptability in the face of physical and other 
influences that it is able to discharge its functions with so great a degree of 
efficiency and economy (Ingalls, 1931).
Ingalls describes the way in which the skeletons in his study were prepared, noting 
that it is not expected that all the bones will have been left in the same conditions. He says, 
however, that for the purposes of his study, he is interested in “relative rather 
than...absolute” weights. For this reason, Ingalls’ sample would not have been suitable for 
estimating ante-mortem body weight from skeletal weight (ibid).
Body weight is mentioned in the article, however. The weight of the body, Ingalls 
tells us, is extremely variable as compared to the relatively stable weight of the bones. 
“[Body weight] fluctuates readily and rapidly and undue significance should not be attached 
to it (ibid),” but later says that “naturally, [body weight and bone weight] are rather closely 
associated (ibid).” He cannot comment, at least for his sample, on the correlation of the two. 
Ingalls adds that if humans were not a “domesticated” animal, living “under such varied and 
artificial conditions,” body weight and bone weight might be more highly correlated, and 
sights Donaldsons’ (1919) study on albino rats, where increases are consistent across age, 
body weight, and body length (Ingalls, 1931).
In conclusion, Ingalls writes that beyond disease, there is little else in his study that 
correlates well with bone weight. One possible problem with Ingalls study was that his 
sample consisted solely of 100 males.
Mildred Trotter (1954) attempted to relate the weight of the skeleton with “age, 
stature, and certain other measurements (ibid).” Her goal, as stated, is to “determine the 
reliability of estimation of the weight of the skeleton from data which can be gathered from
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the living (ibid).”
Her sample, like Ingalls’, is biased, consisting of 24 white males from the Terry 
Collection. Her article will not be discussed in length, as it does not attempt to relate ante- 
mortem body weight to skeletal measurements.
Paul T. Baker and Russell W. Newman (1957) are some of the first people to 
actually compare skeletal weight with ante-mortem weight in an individual. They cite 
previous studies as saying that “bone weights fluctuated in the same direction as body 
weight with aging (Ingalls, 1931),” and “the bone mineral constitutes 5% to 7% of the fat 
free weight of the body (Behnke, et al., 1942).” They reason, therefore, that “if bone does 
form a constant segment, it could also act as a convenient guide for predicting the living 
weight (Baker and Newman, 1957).”
Baker and Newman’s sample consists of 125 skeletons procured from “Operation 
Glory,” a repatriation mission from Army Graves Registration Service Headquarters,
Kokura, Japan. The skeletons in their sample came “from many different cemeteries in 
North Korea” and it is noted that differing soil conditions may have led to “differential 
leaching and decaying (Baker and Newman, 1957).” Also, as the study made “exclusive use 
of the remains of men who died in POW camps,” nutritional deficiency may have 
introduced bias into the skeletal weight. This was “investigated” in two ways, by comparing 
bone weights of men thought to have died from malnutrition with bone weights of men 
thought to have died from pulmonary disorders, and by correlating skeletal weight with 
length of imprisonment. Neither test showed significant differences in the bone weights of 
the men (ibid).
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Baker and Newman (1957) discuss the preparation methods, which include selection 
of complete skeletons which had been “completely skeletonized by natural factors” and in 
which “fat in the bone had leached out.” The skeletal material was then dried “at a 
temperature of 150* F until there was less that a 10 gm per hour loss...usually [requiring] 12 
to 15 hours of drying (ibid).” At this point, they weighed “the complete skeleton and its 
segmental parts...before the bones had reabsorbed the atmospheric moisture... (ibid)” Other 
measurements were taken as well, including bone lengths, taken with an osteometric board, 
and volume, taken by water dispersal methods which were correlated for absorption by 
comparing the weights of the bone before and after immersion (ibid).
Baker and Newman (1957) went on to preform tests in three major areas, “the 
prediction of bone weights from living weight and stature” which would be useful for 
matching a set of skeletal remains with an ante-mortem description, “the interrelationship of 
the skeletal components,” useful for separating commingled remains, “and the relationship 
between living weight and bone measurements.” In their estimation of bone weight from 
living weight and stature, they determined that the estimation of the weight of the dry femur 
was more reliable than the estimation of the weight of the entire skeleton. Thus, they 
suggest not preforming the “more difficult measurement of [total] skeletal weight (ibid)” in 
the implementation of this technique.
This method may not be readily used due to several factors. To utilize the methods 
and equations presented, the skeletal remains must be completely skeletonized at the time of 
recovery. Also, much time and energy must be expended in the drying procedure. It is for 
these reasons that Baker and Newman (1957) “cannot at present...[recommend this] as a
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standard tool.”
Their second major area of study is “the interrelationship of skeletal components,” or 
the separation of commingled remains. At the time this article was written, anthropologists 
were only able to separate commingled remains by color, morphology, and component 
articulation. Baker and Newman wanted to add bone weight to this list. They calculated 
correlation coefficients between skeletal components, and noted that although skull weight 
was poorly correlated with axial skeletal weight, and although “bone weight intercorellations 
are substantially lower for the Negroes..., the segregating of commingled remains by bone 
weight could be used as a routine technique (Baker and Newman, 1957).”
Although Baker and Newman (1957) report that an examination of the methodology 
and statistical techniques failed to show any reason “for the lack of Negro bone weight 
correlations,” it may be due to inadequate sample size (white male N=80, black male N=19). 
This problem, of course, extends into their other two areas of focus as well.
The third major area of study, and that which is most related to this paper, is “the 
relationship between living weight and bone measurements (Baker and Newman, 1957).” 
Scatterplots were generated comparing living weight with both the total skeletal weight and 
the weight of the femur for both Caucasoid and Negroid cases. In all cases, they report 
correlation coefficients which are not significant, although Caucasoid cases do have 
correlations “close enough to warrant broad classifications (ibid),” for example, low bone 
weight would indicate low body weight and average bone weight would indicate average 
body weight. This relationship breaks down, however, with heavier individuals. They feel 
that the “dry femur weight alone is probably the most efficient predictor available,” but add
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that “separate equations must be used for [Negroid and Caucasoid cases] to ensure 
maximum accuracy of prediction (ibid).”
In conclusion. Baker and Newman (1957) report that “unfortunately, the 
reconstruction of living weights from the skeletal weights of the populations doesn’t appear 
to be a favorable undertaking (ibid).”
Bone Mineral Density
More recent investigation into the estimation of ante-mortem weight from skeletal 
remains has taken a somewhat different path. As opposed to looking at the weight of 
bones, the following studies examine the relationship between body weight and bone density 
in weight bearing sections of the body.
Terrance May’s (1999) thesis deals with predicting body mass from bone mineral 
density. In his study, a sample of 73 cases were examined from the Terry Collection. May 
notes that modem clinical studies have shown that bone density “has a close relationship 
with body mass (ibid).” May utilized linear regression statistical methods to determine that 
“bone mineral density can indeed predict body mass but is not always better than current 
methods (ibid), ’’such as methods which “utilize linear post-cranial and cranial 
measurements (ibid).” May also adds that this linear relationship “deteriorates” at or 
around the age of 60, and that, when multiple linear regression analyses were preformed, 
“bone mineral density from the fifth lumbar vertebrae and femoral length” were the best 
predictors of body mass (ibid).
A similar study was undertaken by Bruce P. Wheatley (1999a) and presented at the 
Mountain, Swamp, and Beach Regional Meeting of Practicing Forensic Anthropologists.
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This study examined 42 live individuals who were over 60 years old at the time of the study, 
with weights ranging from 99 - 242 pounds. The sample’s demographic breakdown 
consisted of 41 white individuals, one black individual, 18 males, and 24 females. Bone 
mineral density (BMD) was examined at the femoral neck by lunar dual energy x-ray bone 
densiometer. In addition to bone density, Wheatley also measured the minimum diameter of 
the femoral neck and diameter of the shaft “just below the lesser trochanter (ibid).”
Î'Jon-parametric and linear regression correlations were found between body mass 
and BMD/neck dimensions (Wheatley, 1999a). Wheatley, however, reports that the 95% 
confidence interval is around 100 pounds (Wheatley, 1999b).
Bone Morphology
The third main form of weight estimation from skeletal remains is the comparison of 
bone morphology and weight. Although the femur has been investigated most often (Ruff, 
et al., 1991; Sciullu and Pfau, 1994), the foot has garnered attention as well (Huxley, 1992).
Ruff, et al., (1991) examined the proximal femur for changes in “articular and 
diaphyseal remodeling...with changes in body mass in adults.” This study examines the 
femoral head, neck, and shaft for morphological changes that can be attributed to weight 
change. As a “secondary” aim, they hope to develop “equations for the prediction of body 
weight from” the measured dimensions (ibid). This study, like the one preformed by 
Wheatley (1999a), was preformed on live subjects utilizing x-ray technology. The 
hypothesis tested was that diaphyseal morphology would be “more highly correlated with 
current body weight” while femoral head diameter, which is “essentially fixed at 18 years” 
would be “more highly correlated with weight at age 18 (ibid).” Both weights in this study
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were established by “patient recall,” or self reporting. This will certainly induce some bias 
into the study, the implications of which will be discussed later. Ruff, et al. (1991), feel that 
because “the means of the given weights match well with the mean weights for the U.S. 
population as a whole,” little systematic bias is present.
Their study looked at a sample population of 80 individuals, with the following 
demographics, ages ranging from 24 to 81, with a mean of 52, “about equally divided 
between males and females,... and almost two-thirds are white and slightly more than one- 
third are black (Ruff, et al., 1991).” Only normal, healthy bones were measured. The 
femoral diaphyseal measurement was taken at a “distance of two-thirds of femoral head 
diameter distal to the center of the lesser trochanter. ..(ibid).” Measurements were taken with 
a dial caliper, and if both right and left femurs were measurable, the average of the two 
measurements was recorded. Statistical analysis was preformed, looking for correlation 
between femoral measurements and body weight at 18 years and at body weight at the time 
of the study.
Ruff, et al. (1991), found that “shaft dimensions...are more highly correlated with 
current body weight than with body weight at 18 years of age.” They go on to say that 
femoral head breadth is more highly correlated with body weight at the age of 18 in “most 
cases,” but “most cases” equates in this study to 6 out of ten, only slightly better than half 
(ibid).
Ruff, et al. (1991), go on to outline “two confounding factors” in their experiment. 
The first, as already mentioned, was the use of self reported weigh determination of 
individuals. They go on to recite the data on the means of their sample as compared to the
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U.S. means in an attempt to refute this possible bias, but admit that bias from this source 
“cannot definitely be ruled out (ibid).” In addressing the weight at age 18, they feel that the 
possible error here is more random, thus obscuring the relationship between bone 
morphology and weight at age 18. They feel that this is why correlation between shaft 
morphology and current weight is better than correlation between head morphology and 
weight at age 18 (ibid).
The second “confounding factor” is that of mechanical loading other than body 
weight, such as activity and muscularity. They note that “body weight is only one 
component of the total mechanical load that must be borne by the proximal femur (Ruff, et 
al., 1991).”
They go on to test their equations on a random sample of 8 individuals. In these 
tests, most accurate weight estimates were produced using femoral shaft, while least 
accurate estimates ere produced using head morphology. In their tests, they feel that one 
overweight individual threw off the average results, and when this individual was removed 
fi’om the study, overall results were much more accurate (Ruff, et al., 1991).
In conclusion, they write “body weight of recent U.S. adults can be predicted 
reasonably accurately on an individual basis from proximal femoral shaft dimensions, with 
average percent prediction errors of 10%-16% in a test sample of eight individuals (Ruff, et 
al., 1991).”
Another study, by Sciulli and Pfau (1994), also looks at the femur as a predictor of 
weight. This study looks at children, which, while not directly related to this study of adult 
skeletal material, does speak to the topic of weight estimation from bone morphology.
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A total sample of 179 children , all below the age of 20, were examined. Again, x- 
rays were used to obtain measurements from live subjects. Medio-lateral femoral midshaft 
diameters were taken. Simple linear regression of the natural logarithm of weight on the 
natural logarithm of age, simple linear regression of the natural logarithm of weight on the 
natural logarithm of femoral midshaft diameter, and multiple linear regression of the natural 
logarithm of weight on the natural logarithms of age and femoral midshaft diameter were 
preformed. They determined that “the combination of femur midshaft diameter and age 
yields estimates of weight similar to that of femur midshaft diameter alone (Sciulli and Pfau, 
1994).” They also determined that above the age of 6, the 95% confidence intervals are 
unacceptably large to permit accurate weight estimation based on skeletal morphology 
(ibid).
One concern I have with this study is the relationship of normal childhood growth 
rates (both weight and bone size) with the age of the child. Perhaps the correlation with 
weight and femoral morphology is simply due to normal bone growth and body weight as a 
child get older. Another concern with this, as well as previous x-ray studies, is the question 
of bone shrinkage. It is known that as bone dries, it tends to shrink slightly. If these 
methods are to be used to predict the weight of an unknown individual from dried skeletal 
material, how accurate will methods and equations be that are developed from in-vivo, wet 
bone measurements?
The last study that will be discussed is Angie Huxley’s (1992) thesis. Huxley looked 
at the morphology of the talus in relation to body weight. Skeletal material from three 
collections was utilized, “unidentified skeletal forensic cases presented for analysis at the
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Human Identification Laboratory, Arizona State Museum, the University of Arizona..., [a] 
skeletal collection held at the Maxwell Museum, the University of New Mexico,.., and 
cadavers used in Gross Anatomy dissection at the Arizona Health Services Center, the 
University o f Arizona Medical School (ibid).” For the cases in the Human Identification 
Laboratory, weight was obtained from the individual’s drivers license, for the cases from the 
Maxwell Museum, weight was obtained fi*om the medical investigator’s files, and for the 
cadaver cases, weight was obtained from the donor. From these collections, a complete 
sample of 88 cases was established, 58 males, 28 females, and 2 cases where sex was 
undeterminable, ranging in age fi-om 18-99. 21 Measurements were taken on the talus using 
sliding and spreading calipers, a tape measure, and an osteometric board (ibid).
Statistical tests were preformed, and right and left tali were found to be statistically 
the same. Also, Pearson’s R correlation coefficients were calculated on all 21 
measurements against body weight. The values calculated “represent little or no correlation 
between any one measurement and the established ante-mortem body weight (Huxley, 
1992).” Multiple regression was run as well, with “only one variable, a combined 
measurement of MAL (articular arc length) and MAW (articular arc width) and STH 
(standard height of the body) [meeting] the requirements of the level of significance to be 
incorporated into the run (ibid).”
Huxley (1992) concludes that “no correlation exists between any of the variables and 
estimated ante-mortem body weight.” She goes on to say that this “suggests the articular 
surface and overall dimensions of the bone are established early in adulthood. Once overall 
dimensions have been reached, the surface would not undergo drastic remodeling unless due
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to pathology (ibid).”
In Huxley’s (1992) study, actual skeletonized material was utilized. Again, 
however, certain “estimated” weiglit’s in her study were from self-reports.
Accuracy of Self Reported Weight
There is not a consensus on the biases of self-reported weights. Some studies (Palta, 
et al., 1982; Rowland, 1990) show significant differences in under reporting the body weight 
between the sexes. Palta, et al. (1982), report that 1.6% of men underestimate their weight, 
as compared to 3.1% of women. Rowland (1990) agrees that errors in under reporting are 
greater in females than in males. Others (Casey, et al., 1991) write that “self reported 
weights at 50 y were accurate for both males and females; the mean reporting underestimate 
was -1.98 kg for males and -1.86 kg for females.” This study did not find a female bias in 
their study. One possible reason for this is that their sample consisted of only 91 individuals, 
whereas the other two studies had much larger samples. Another possible reason is that, in 
the study by Palta, et al. (1982), it was noted that underestimation o f weight decreased with 
age, and all of the individuals in the study by Casey, et al. (1991), were 50 years old. 
Rowland (1990) has also shown that heavier people under report their weight more often 
and to a greater degree than lighter people.
Some studies have focused on recall of past weights, which is a crucial issue to the 
study previously mentioned by Ruff, et al., (1991). Casey, et al., (1991) reported, as 
mentioned above, on 91 individuals who were 50 years old at the time of the study. The 
correlation between recalled self-reported weight and actual weights are as follows, for 
weight at age 18, Pearson’s R=.87,and for weight at age 40, Pearson’s R-.95. Perry, et al.
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(1995), however, report that 39% of men and 41% of women estimated their past weight 
within 5 pounds, while 10% of men and 17% of women underestimated their past weight by 
more than 15 pounds. Age, race, and current body mass were also shown to have influence 
in this study.
As is obvious from the above studies, methods of weight estimation in adults from 
skeletal remains which are based on self reported weights will have at least a slight bias. 
Changes in Adult Body Weight Over Time
One of the primary concerns with this study was the way in which adult body weight 
changes over time. To facilitate morphological alteration in skeletal material through the 
process outlined in W olff s Law, body weight must remain somewhat constant if this 
method of weight estimation is to be applicable.
Many studies have been conducted in this field, mainly in the United Stated and 
Denmark. Although the data from studies collected in the United States will be more 
relevant to this study, the Danish research will also be presented. These studies were 
conducted in and around Copenhagen, an industrial city, and should have similar results to 
the U.S. studies.
In a study by Sonne-Holm, et al. (1990) “the long-term changes of body weight 
during adulthood in men obese as young adults are compared to those occurring in a random 
sample from the underlying population.” The total sample consisted of about 400,000 
Danish men. Of those, 1940 were deemed obese (or having a body mass index ((weight in 
kg) / (height in m)^) > 31) at the time of initial weighing. One percent on the remaining 
subjects which had weight and height records, or 3601 men, were randomly chosen. Half of
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those were randomly removed to make the sample size more manageable, leaving 1801 
men. The initial weight records were made between 1943 and 1977. In 1980, those who 
were still alive and in the area were invited to take part in this follow-up study. Of those 
invited, 58.4% of the obese men and 75.4 of the non-obese men responded. It was found 
that response rate and body mass index were correlated (ibid).
The obese subjects in the study increased their median weight from 104 kg to 107 
kg. The median weight change was 1.3 kg. The non-obese control group’s median weight 
increased from 67 kg to 76 kg, with a median weight change of 8.3 kg. Although no 
selection bias was present, a “follow-up” bias may be present, due to the differing 
percentage of obese and non-obese individuals who responded to the follow-up study. 
Sonne-Holm, et al. (1990), report that “the most likely bias is that the non-response rate is 
highest among those who have gained the most weight. If true, this implies that the level, 
and possibly also the variation, of body mass index at follow-up is increasingly 
underestimated with increasing body mass index in youth (ibid).”
Another study, again centered in Copenhagen, examined long term weight changes 
in both men and women (Heitmann and Garby, 1999). This study differs from the above in 
that it looks at subjects who developed their overweight state as adults. This study 
population consisted of 3608 Danish citizens, with ages between 30 and 60. At the end of 
the eleven year study, complete records were held for 2436 subjects (a complete record 
consisted of original weight at the 1982-1983 pilot study, weight at the 1987-1988 follow-up 
study, weight at the final 1993-1994 study, and self reported weight at 25 years of age) 
(ibid).
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This study defined overweight at a body mass index ^ 28. At the conclusion of the 
final study, approximately 1/4 of the individuals were considered overweight, and 
approximately half of these had developed their overweight statue during adulthood 
(Hietmann and Garby, 1999). Sonne-Holm, et al. (1990), feel that “a considerable amount 
amount of weight gain [takes] place in the years after age 25, and most of this in the younger 
subjects.” Again, non-respondents could be a source of bias in this study. Sonne-Holm, et 
al. (1990), feel that “the present study showed that the yearly weight gains among subjects 
who had developed their overweight as adults are small and continuous.”
Two major U.S. studies look at the effect of aging on weight (Stevens, et al., 1991; 
Williamson, 1993). They report that up until the age of 46, an individuals weight increased 
(Stevens, et al., 1991). Weight began to gradually decrease around the age of 55 (Stevens, et 
al., 1991; Williamson, 1993). This is important to the current study, suggesting the 
possibility of exclude upper age groups from consideration.
This may be a factor to examine if the hypothesis appears to be supported, but 
refinement is required.
Hypothesis
Description of Hypothesis
It is hypothesized that ante-mortem weight estimation from adult human skeletal 
remains is possible when certain measurements are made and compared. As noted above, 
all of the other methods discovered and studied (Baker and Newman, 1957; Huxley, 1992; 
May, 1999; Sciulli and Pfau, 1994; Ruff, et al. 1991; Wheatley, 1999) examined only one 
bone, for the most part, the femur, one limb, or the skeleton as a whole. Similar to some
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previous studies, examination of simple morphological changes on the exterior of bone will 
be conducted. The novel approach that is proposed is the comparison between analogous 
bones of the arms and legs. The burden of an individual’s weight is placed mainly on the 
lower axial skeleton (legs), not the upper axial skeleton (arms). The majority of remodeling 
due to the burden of an individual’s weight should appear in the legs, not in the arms. This 
difference should be quantifiable, and should correlate with ante-mortem body weight. 
Indices and differences of analogous measurements from the humerus and the femur will be 
established. A larger differentiation should indicate a person with a higher ante-mortem 
body weight, whereas less differentiation should indicate a person with a lower ante-mortem 
body weight. By utilizing indices, the problem of overall body size differences should be 
eliminated.
The null hypothesis presented is that there is no difference between the humoral and 
femoral measurements that will correlate with ante-mortem body weight.
Positive Aspects of New Method
This method has a number of positive aspects not seen in previous studies. The main 
positive aspect is the comparison of two bones, one which bears weight (the femur) and one 
that does not (the humerus). When we accept Wolff’s Law that bone will adapt to stress and 
strain, we can assume that the femur, in relation to the humerus, should adapt more.
Another positive aspect is that expensive scientific equipment is not needed. In 
certain studies (May, 1999; Wheatley, 1999), x-ray technology is needed. Not all 
osteological labs have access to such equipment, or the personnel to operate it. Also, few 
measurements are needed, and they are fairly common and in practice by most forensic
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anthropologists, unlike the 21 measurements by Huxley (1992), or the 2/3 diameter of the 
femoral head distal to the center of the lesser trochanter, by Ruff, et al. (1991).
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Chapter Two: Materials and Methods 
Sample Description
Terry Collection as a Whole
The sample population utilized for this study was selected from the Robert J. Terry 
Anatomical Skeletal Collection, “one of the premier anatomical research collections” in 
existence (Department of Anthropology, National Museum of Natural History, Smithsonian 
Institution, 1999). The Terry Collection was started in the second decade of the twentieth 
century by Dr. Robert J. Terry under the encouragement o f his mentor. Dr. George S. 
Huntington of the College of Physical Surgeons in New York. The collection was begun in 
an attempt to fill a gap in medical education, namely an “absence of documented human 
osteological/anatomical specimens from which skeletal biology, anatomy and pathology 
could be investigated.”
The first specimens collected by Dr. Terry “were primarily obtained from local St. 
Louis hospital and institutional morgues.” The majority of these early specimens were 
“people of lower incomes,” but when the Willed Body Law of 1955-1956 was passed, the 
collection’s demographic began to change. The later part of the collection is composed of 
people of “middle or upper middle incomes.”
In the 1920's, Dr. Terry put forth a protocol for the collection of specimens. This 
included maceration specifications (soaking specimens in hot water for 72 hours, brush 
cleaning, and drying), as well as specifications about degreasing (by exposure to benzine 
vapors, but not fully degreased. Terry felt that allowing some fats to remain would increase 
skeletal preservation). Along with each specimen, complete morgue records were kept.
31
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In 1941, Dr. Mildred Trotter took over for Dr. Terry, and again, the collection’s 
demographic changed. Dr. Trotter’s collection focused on younger specimens, “especially 
white females, who were under-represented.”
The final major change for the Terry Collection came in 1967, when upon Dr. 
Trotter’s retirement, the collection was accepted by Dr. T. Dale Stewart of the Smithsonian 
Institution’s National Museum of Natural History, Department of Anthropology.
In terms of overall demographics, the collection consists o f 461 Caucasoid males, 
546 Negroid males, 323 Caucasoid females, 392 Negroid females, 5 Mongoloid males, and 
1 specimen of unknown origin (Hunt, 1999).
The Sample Population from The Terrv Collection
David Hunt, of the Smithsonian Institution’s National Museum of Natural History 
provided me with a database of attributes of the Terry Collection as a whole (Hunt, 2000). 
The attributes provided were case number, sex, ancestry, age at death, height in centimeters, 
and weight in kilograms. First excluded from this list of 1728 cases were those which were 
missing any of the attributes provided. Then, cases with only approximate ages were 
excluded, as were the four Mongoloid specimens for which weight data was available.
These four specimens would not have provided a large enough sample for quantitative 
analysis. After these cases were removed, a sample population of 823 cases remained.
Further exclusion from the sample population was based upon incompleteness of the 
skeletal remains, pathological conditions which would hinder accurate measurement of the 
traits specified, cracks in the bone, which would hinder the midshaft diameter measurement, 
wear on bones, which would make certain measurements impossible, bony (osteophytic)
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growths which would hinder measurements, and extremely low body weight, a sign that the 
individual may have perished from a wasting disease (Hunt, 2000).
After all exclusions were made, a sample population of 189 individuals remained. 
All statistical analysis referred to in this paper were preformed on this sample.
Measurement and Experimental Methods
What Was Measured
Six measurements were made on each of the cases chosen for study. As listed in 
Schwartz (1995), the humoral measurements made are: “maximum vertical diameter of the 
head, taken parallel to the coronal plane on the margin of the articular surface of the head to 
obtain the maximum distance between one point and a point on the opposite side; maximum 
midshaft diameter, maximum distance measured perpendicular to the midline axis at the true 
midpoint of maximum length; and biepicondylar width, taken from the medial to the lateral 
epicondyle.” Vertical head diameter was measured using the sliding calipers, the maximum 
midshaft diameter was measured using an osteometric board to determine the midpoint (if 
the midpoint was not already determined, as was the case on the majority of the Terry 
Collection specimens, I tested my midpoint determination against the Terry cases to make 
sure that I had consistently accurate measurements,) and sliding calipers to measure the 
diameter, and the biepicondylar breadth was measured using the osteometric board where 
applicable, and sliding calipers where the osteometric board would not work due to bone 
shape.
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Figure 1 : Humoral and Femoral Measurements 
Figures taken from Gray, 1995
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The femoral measurements made, again as listed by Schwartz (1995) are:
“maximum vertical diameter of the head, greatest distance obtainable from a point on the 
inferior edge of the margin of the articular surface of the head to a point opposite it on the 
superior edge of the margin; maximum midshaft diameter, maximum distance measured 
perpendicular to the midline axis at the true midpoint of maximum length; and maximum 
epicondylar width, greatest distance obtainable between medial and lateral epicondyles.” 
Vertical head diameter was measured using the sliding calipers, the maximum midshaft 
diameter was measured using an osteometric board to determine the midpoint (if the 
midpoint was not already determined, as was the case on the majority of the Terry collection 
specimens, I tested my midpoint determination against the Terry specimens to make sure 
that I had consistently accurate measurements,) and sliding calipers to measure the diameter, 
and the biepicondylar width was measured using the osteometric board where applicable, 
and sliding calipers where the osteometric board would not work due to bone shape.
How Was It Measured
Measurements were made using a Fowler-NSK Pro-Max Electronic Digital Caliper. 
The caliper was zeroed between each measurement to ensure accurate measurements 
throughout the course of this study. Also, the caliper jaws were cleaned (running my finger 
along both jaws as to wipe any off particulate matter or excess grease so that it would not 
interfere with measurement) between each case. As measurements were collected, they 
were put into a spreadsheet (Quattro Pro), as well as recorded on paper. This was to ensure 
no loss of data for any reason, as well as to expediate the analyzation of data by automating 
data input into SPSS and to minimize possible human error while transferring data into
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SPSS.
Indices and Differences
Indices of humoral and femoral measurements were determined. The following
indices were calculated:
proximal index = maximum vertical diameter of the humoral head 
maximum vertical diameter of the femoral head
medial index = maximum midshaft diameter of the humerus 
maximum midshaft diameter of the femur
distal index = biepicondylar width of the humerus
maximum epicondylar width of the femur
Differences of humoral and femoral were determined. The following differences
were calculated
proximal difference = proximal femur measurement - proximal humerus 
measurement
medial difference = medial femoral measurement - medial humoral measurement 
distal difference = distal femoral measurement - distal humerus measurement 
Statistical Methods
What Test Were Run
All statistical analyses and data manipulation (i.e. division into subgroups) was 
preformed with SPSS Base Version 9.0.
From my total sample of 189 cases, 9 subsamples were created. One subsample 
consisted of all 189 cases, while the other eight subsamples consisted of subsets of the total 
sample. The following table lists the subsamples and cases associated with them.
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Table 1 ; Demographic Information on Subsamples
Subsample Number Criteria Number of Cases
Subsample 0 complete sample 189
Subsample 1 caucasoid male 60
Subsample 2 negroid male 60
Subsample 3 caucasoid female 16
Subsample 4 negroid female 53
Subsample 5 female 69
Subsample 6 male 120
Subsample 7 negroid 113
Subsample 8 caucasoid 76
Each subsample was subjected to stepwise multiple linear regression analysis. The 
results of this analysis provided me with the following data that were crucial to my question: 
Pearson’s R correlation coefficients, coefficients of determination, regression equations,
95% confidence intervals, and a scatterplot of actual weight against predicted weight.
Whv These Test Were Chosen
Multiple regression was utilized for a number of reasons. Zar (1996) writes that if 
there are “simultaneous measurements for more that two variables, and one variable is 
assumed to be dependant upon the others, then we are dealing with a multiple regression 
situation.” In this case we have more than two variables: the six original measurements, 
three indices, three differences, and ante-mortem body weight are dealt with, and it is 
assumed that one variable, ante-mortem body weight, is dependant upon one more of the 
others.
SPSS, under linear regression, allows the user to select the “method” of regression.
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This refers to the method that variables will be selected for inclusion into the regression 
equation. Stepwise selection was chosen. Stepwise selection adds independent variables, 
beginning with the independent variable with the highest correlation with the dependant 
variable, and “at each step, tests variables already in the model for removal (SPSS, 1999).” 
Another way of saying this is that “each time a variable is added all variables in the model 
are examined to see if any should be eliminated at that step (Zar, 1996).” It has been noted 
that stepwise selection is useful if “there are correlations among the independent variables 
(SPSS, 1999).” This is indeed that case in this sample, where overall body size, sex, and 
weight could create correlations among several of the measurements obtained.
In SPSS’ regression module, users are allowed to choose which statistical results 
they would like obtain in addition to the regression model. For this sample, I selected 
Pearson’s R correlation coefficient. Spatz (1997) writes that “a correlation coefficient 
provides a quantitative way to express the degree o f relationship that exists between two 
variables.” The value of a correlation coefficient can range from -1 to +1 (Poor, 2000). A 
correlation coefficient of -1 symbolizes a perfect negative correlation. This means that as 
one value increases, the other value decreases. A correlation coefficient o f+1 represents a 
perfect positive correlation. This means that as one variable increases, the other variable 
increases as well. Both of these correlations show relationships equally. A correlation 
coefficient of 0, however, shows no relationship at all (Spatz, 1997).
I also selected the coefficient of determination, which is related to Pearson’s R 
correlation coefficient. While Spatz (1997) notes that a Pearson’s R correlation coefficient 
“does not give you the kind of evidence that allows you to make cause-and-effect
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statements,” the coefficient of determination will let you make statements about how much 
variation in the dependant variable can be explained by variation in an independent variable. 
Spatz (1997) refers to this as a measurement of “common variance.” The coefficient of 
determination equals the square of Pearson’s R correlation coefficient, and is provided by 
SPSS with the correlation coefficient.
All of this data is utilized by SPSS in the creation of a regression equation. This type 
of equation can be shown in the following generic example, taken from Zar (1996):
Y = Ct + P,X,+p,X,..
In this equation, Y is the dependant variable, which is influenced by a number of 
independent variables. X, and Xj are those independent variables, ct is the regression 
coefficient, or Y intercept. This is the value when both X, and Xj equal zero, p, and Pj are 
are called partial regression coefficients. P, represents the “measure of the extent to which Y 
is related to X, after removing the effect of X^.” Similarly, P2 represents the “measure of the 
extent to which Y is related to [X ]̂ after removing the effect of [X,] (Zar, 1996).” In this 
sample, Y, or the dependant variable, will equal the estimated ante-mortem body weight, 
and the Xs, or independent variables, will represent skeletal measurements, indices, or 
differences. 95% confidence intervals, represented by ± at the end of the regression 
equation, are crucial to determining the accuracy of the equation.
Finally, I chose to have SPSS create scatterplots. In these plots, the actual recorded 
ante-mortem body weight was plotted against the estimated body weight generated from the 
regression model. Within the scatterplot, a “best fit” line was drawn to display the line 
represented by the regression equation. If the equation has good predictive value, most
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points should lie on or near that line. Also shown are the lines representing the 95% 
confidence intervals. A person can be 95% confident that measurements generated using the 
regression equation will fall within this range.
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Chapter Three: Results
The results will be presented by subsample. The following abbreviations will be
used for all results presented:
PHM-proximal humerus measurement, or vertical diameter of the head of the 
humerus
MHM-medial humerus measurement, or maximum midshaft diameter of the 
humerus
DHM-distal humerus measurement, or maximum epicondylar breadth of the 
humerus
PFM-proximal femoral measurement, or vrtical diameter of the head of the 
femur
MFM-medial femoral measurement, or maximum midshaft diameter of the 
femur
DFM-distal femur measurement, or maximum epicondylar breadth of the 
femur
RPA-ratio of the proximal aspect, or PHM/PFM 
RMA-ratio of the medial aspect, or MHM/MFM 
RDA-ratio of the distal aspect, or DHM/DFM 
DPA-difference of the proximal aspect, or PFM-PHM 
DMA-difference of the medial aspect, of MFM-MHM 
DDA-difference of the distal aspect, or DFM-DHM 
* - value is significant at the .05 level in two tailed test
The following results will be presented by subsample:
Correlation coefficients and coefficients of determination between ante- 
mortem body weight (listed as weight) and all measurements, 
indices, and differences.
Regression equations.
A model summary.
A scatterplot graphing recorded ante-mortem body weight with weight 
predicted by the regression model.
41
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Subsample Zero: Total Sample
Table Two; Correlation Coefficients and Coefficients o f  Determination: N=189
r significance (two tailed)
PHM 0.023 0.000529 0.756
MH 0.067 0.004489 0.361
DHM 0.003 0 000009 0.972
PFM 0.097 0.009409 0.185
MFM 0.124 0.015376 0.089
DFM 0.126 0.015876 0.084
RPA -0.156* 0.024336 0.032
RMA -0.051 0.002601 0.488
RDA -0.174* 0.030276 0.017
DPA 0.148* 0.021904 0.042
DMA 0.075 0.005625 0.303
DDA 0.211* 0.044521 0.004
Regression Equation
Estimated Ante-Mortem Weight (kg) = .719 (DDA) + 41.096 ± 21.57
Table 3: Model Summary
Model R R Square Adjusted R Square
1 211 .044 .039
Model 1 Predictors: (Constant), Difference of the Distal Aspect 
Dependent Variable: Weight
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Figure 2: Scatterplot o f  Subsample Zero Ante-Mortem Weight by Predicted Weight
Scatterplot
Dependent Variable: Weight
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Subsample One: Caucasoid Male
Table 4: Correlation Coefficients and Coefficients of Determination: N=60
r significance (two tailed)
PHM 0.093 0.008649 0.479
MH 0.266* 0.070756 0.04
DHM -0.153 0.023409 0.242
PFM 0.128 0.016384 0.33
MFM 0.367* 0.134689 0.004
DFM 0.268* 0.071824 0.038
RPA -0.056 0.003136 0.67
RMA -0.105 0.011025 0.425
RDA -0.437* 0.190969 0
DPA 0.05 0.0025 0.702
DMA 0.172 0.029584 0,19
DDA 0.465* 0.216225 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
Regression Equation
Estimated Ante-Mortem Weight (kg) = 1.778 (DDA) + 2.250 (MHM) - 34.014 ± 
20.15
Table 5; Model Summary
Model R R Square Adjusted R Square
1 .465 .216 .203
2 .556 .309 .285
Model 1 Predictors: (Constant), Difference of the Distal Aspect 
Dependant Variable; Weight 
Model 2 Predictors: (Constant), Difference of the Distal Aspect, Right Medial Humerus 
Measurement 
Dependent Variable: Weight
Figure 3: Scatterplot of Subsample One Ante-Mortem Weight by Predicted Weight
Scatterplot 
Dependent Variable: Weight
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Subsample Two: Negroid Male
Table 6: Correlation Coefficients and Coefficients o f  Determination: N=60
r significance (two tailed)
PHM -0.072 0.005184 0.584
MH -0.136 0.018496 0.301
DHM 0.048 0.002304 0.717
PFM -0.007 0.000049 0.959
MFM -0.088 0.007744 0.505
DFM 0.067 0.004489 0.612
RPA -0.097 0.009409 0.461
RMA -0.059 0.003481 0.654
RDA -0.027 0 000729 0.837
DPA 0.098 0.009604 0.456
DMA 0.022 0.000484 0.865
DDA 0.036 0.001296 0.787
No variables were deemed significant enough by SPSS to include in a regression 
model. Therefore, no coefficients, confidence intervals, regression equations, confidence 
interval equations, model summaries, or scatterplots will be presented for this subsample.
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Subsample Three: Caucasoid Female
Table 7: Correlation Coefficients and Coefficients o f  Determination: N=16
r significance (two tailed)
PHM -0.036 0.001296 0.895
MH -0.401 0.160801 0.124
DHM 0.271 0.073441 0.31
PFM 0.001 0.000001 0.997
MFM -0.203 0.041209 0.452
DFM 0.237 0.056169 0.387
RPA -0.013 0.000169 0.961
RMA -0.261 0.068121 0.329
RDA 0.163 0.026569 0.546
DPA 0.032 0.001024 0.907
DMA 0.222 0.049284 0.408
DDA -0.087 0.007569 0.75
No variables were deemed significant enough by SPSS to include in a regression 
model. Therefore, no coefficients, confidence intervals, regression equations, confidence 
interval equations, model summaries, or scatterplots will be presented for this subsample.
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Subsample Four: Negroid Female
Table 8: Correlation Coefficients and Coefficients o f  Determination: N=53
r significance (two tailed)
PHM 0.218 0.047524 0.117
MH 0.192 0.036864 0.169
DHM 0.143 0.020449 0.306
PFM 0.429* 0.184041 0.001
MFM 0.249 0.062001 0.072
DFM 0.266 0.070756 0.054
RPA -0.338* 0.114244 0.013
RMA 0.027 0-000729 0.847
RDA -0.096 0.009216 0.492
DPA 0.348* 0.121104 0.011
DMA 0.021 0.000441 0.881
DDA 0.166 0.027556 0.235
Regression Equation
Estimated Ante-Mortem Weight (kg) = 2.462 (PFM) - 48.856 ± 24.71
Table 9: Model Summary
Model R R Square Adjusted R Square
1 429 .184 .168
Model 1 Predictors: (Constant), Right Proximal Femur Measurement 
Dependent Variable: Weight
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Figure 4: Scatterplot o f  Subsample Four Ante-Mortem Weight by Predicted Weight
Scatterplot
Dependent Variable: Weight
100
5
I
40
30 40 50 60 70 80
Regression Adjusted (Press) Predicted Value 
Subsample Five: Female
Table 10; Correlation Coefficients and Coefficients of Determination: N=69
r significance (two tailed)
PHM 0.156 0.024336 0.202
MH 0.146 0.021316 0.231
DHM 0.175 0.030625 0.151
PFM 0.32* 0.1024 0.007
MFM 0.215 0.046225 0.076
DFM 0.26* 0.0676 0.031
RPA -0.265* 0.070225 0.028
RMA 0.004 0.000016 0.977
RDA -0.04 0.0016 0.744
DPA 0.265* 0.070225 0.028
DMA 0.035 0 001225 0.775
DDA 0.116 0.013456 0.342
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Regression Equation
Estimated Ante-Mortem Weight (kg) = 1.658 (PFM) - 16.022 ±23.61
Table 11: Model Summary
Model R R Square Adjusted R Square
1 .320 .103 .089
Model 1 Predictors: (Constant), Right Proximal Femur Measurement 
Dependent Variable: Weight 
Figure 5: Scatterplot of Subsample Five Ante-Mortem Weight by Predicted Weight
Scatterplot 
Dependent Variable: Weight
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Subsample Six: Male
Table 12: Correlation Coefficients and Coefficients o f  Determination: N=120
r significance (two tailed)
PHM 0.019 0.000361 0.84
MH 0.044 0.001936 0.63
DHM -0.074 0 005476 0.424
PFM 0.084 0.007056 0.364
MFM 0.128 0.016384 0.163
DFM 0.17 0.0289 0.064
RPA -0.085 0.007225 0.355
RMA -0.092 0.008464 0.319
RDA -0.265* 0.070225 0.003
DPA 0.082 0.006724 0.371
DMA 0.104 0.010816 0.257
DDA 0.28* 0.0784 0.002
Regression Equation
Estimated Ante-Mortem Weight (kg) = .874 (DDA) + 37.681 ± 20.37
Table 13: Model Summary
Model R R Square Adjusted R Square
1 .280 .078 .070
Model 1 Predictors: (Constant), Difference of the Distal Aspect 
Dependent Variable: Weight
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Figure 6: Scatterplot o f  Subsample Six Ante-Mortem Weight by Predicted Weight
Scatterplot 
Dependent Variable: Weight
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Subsample Seven: Negroid
Table 14: Correlation Coefficients and Coefficients of Determination: N=113
r significance (two tailed)
PHM -0.043 0.001849 0.648
MH -0.002 0.000004 0.983
DHM -0.009 0.000081 0.927
PFM 0.063 0.003969 0.508
MFM 0.012 0.000144 0.9
DFM 0.046 0.002116 0.625
RPA -0.247* 0.061009 0.008
RMA -0.023 0.000529 0.813
RDA -0.087 0.007569 0.357
DPA 0.242* 0.058564 0.01
DMA 0.018 0.000324 0.848
DDA 0.095 0.009025 0.317
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Regression Equation
Estimated Ante-Mortem Weight (kg) = -75.031 (RPA) + 129.492 ±22.13
Table 15: Model Summary
Model R R Square Adjusted R Square
1 .247 .061 .052
Model 1 Predictors: (Constant), Ratio of the Proximal Aspect 
Dependent Variable: Weight 
Figure 7: Scatterplot of Subsample Seven Ante-Mortem Weight by Predicted Weight
Scatterplot 
Dependent Variable: Weight
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Subsample Eight: Caucasoid
Table 16: Correlation Coefficients and Coefficients o f Determination: N=76
r significance (two tailed)
PHM 0.151 0.022801 0.193
MH 0.202 0.040804 0.081
DHM 0.022 0.000484 0.847
PFM 0.17 0.0289 0.141
MFM 0.331* 0.109561 0.004
DFM 0.279* 0.077841 0.015
RPA -0.042 0.001764 0.721
RMA -0.098 0.009604 0.397
RDA -0.326* 0.106276 0.004
DPA 0.042 0.001764 0.721
DMA 0.169 0.028561 0.145
DDA 0.419* 0.175561 0
Regression Equation
Estimated Ante-Mortem Weight (kg) =1.272 (DDA) + 1.144 (MFM) - 4.701 ± 19.83
Table 17: Model Summary
Model R R Square Adjusted R Square
1 .419 .175 .164
2 470 .221 .200
Model 1 Predictors: (Constant), Difference of the Distal Aspect 
Dependent Variable: Weight 
Model 2 Predictors: (Constant), Difference of the Distal Aspect, Right Medial Femur 
Measurement
Dependent Variable: Weight
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Figure 8: Scatterplot o f  Subsample Eight Ante-Mortem Weight by Predicted Weight
Scatterplot 
Dependent Variable: Weight
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Chapter Four: Discussion
The discussion will be presented by subsample. At the end of the discussion of the 
subsamples, problems with the experiment will be discussed.
Subsample Zero: Total Sample
In subsample zero, four independent variables’ Pearson’s R correlation coefficients 
were significant at the .05 level. These were RPA, RDA, DPA, and DDA. The greatest 
correlation in this subsample was between the ante-mortem body weight and DDA, with an 
R value of .211. The coefficient of determination, however, was .044521, meaning that only 
4.5% of the variability in an individual’s ante-mortem body weight could be explained by 
DDA.
When creating a regression model, SPSS’ stepwise multiple linear regression 
program added DDA first, because it had the highest Pearson’s R value when compared to 
ante-mortem body weight. SPSS, however, did not find an addition independent variable 
with a high enough partial correlation to continue adding to the model.
A regression equation, therefore, was created to predict ante-mortem body weight 
from DDA. As an example of this model, imagine an individual whose DDA is 18.83 (the 
mean for subsample zero). The regression equation created would appear as follows: 
ante-mortem body weight = .719 (18.83) + 41.096 = 54.63 kg 
Thus, for an imaginary individual with a DDA value of 18.83, this model would predict an 
ante-mortem weight of 54.63 kg. A 95% confidence interval was calculated using a two 
tailed t value multiplied by the standard error of the estimate. In this case, the 95% 
confidence interval is ± 21.57 kg, or a 43.14 kg range around the estimate.
55
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The model summaiy present in the results section contains information on the 
predictive power of the regression model. Since this model only contains one independent 
variable, the R (.211) and (.044) of the model is equal to that of the independent variable, 
DDA. Also presented in the model summary is an adjusted R  ̂value. As the SPSS manual 
states, “the sample estimate of R  ̂tends to be an overestimate of the population parameter. 
Adjusted R  ̂is designed to compensate for the optimistic bias of R‘. It is a function of R‘ 
adjusted by the number of variables in the model and the sample size (SPSS, 1999).” The 
adjusted R  ̂in this model is .039. This means that the model can predict 4.4% of the 
variation in ante-mortem weight based on the DDA, but, more realistically, only predicts 
3.9% of that variability. With such a low coefficient of determination and a fairly wide 95% 
confidence interval, this model is not an adequate predictor of ante-mortem body weight. 
Subsample One: Caucasoid Male
In subsample one, five independent variables’ Pearson’s R correlation coefficients 
were significant at the .05 level. These were MHM, MFM, DFM, RDA, and DDA. The 
greatest correlation in this subsample was between the ante-mortem body weight and DDA, 
with an R value of .465. The coefficient of determination was .216225, meaning that 21.6% 
of the variability in an individual’s ante-mortem body weight could be explained by DDA.
When creating a regression model, SPSS’ stepwise multiple linear regression 
program added DDA first, because it had the highest Pearson’s R value when compared to 
ante-mortem body weight. Next, SPSS, added MHM to the model, as it had the next highest 
partial correlation with ante-mortem body weight. At this point, however, SPSS stopped 
adding independent variables to the model, as they did not cause a significant increase in the
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predictive power of the model.
A regression equation was created from this model to predict ante-mortem body 
weight from DDA and MHM. As an example of this model, imagine an individual whose 
DDA is 19.85 and whose MHM is 24.04 (the means for subsample one). The regression 
equation created would appear as follows:
ante-mortem body weight = 1.778 (19.85) + 2.250 (24.04) - 34.014 = 55.37 kg 
Thus, for an imaginary individual with a DDA value of 19.85 and an MHM value of 24.04, 
this model would predict an ante-mortem weight of 55.37 kg. A 95% confidence interval 
was calculated using a two tailed t value multiplied by the standard error of the estimate. In 
this case, the 95% confidence interval is ± 21.15 kg, or a 40.3 kg range around the estimate.
The model summary present in the results section contains information on the 
predictive power of the regression model. The R value of the model is .556, the value of 
the model is .309, and the adjusted R̂  in this model is .285. This means that the model can 
predict 30.9% of the variation in ante-mortem weight based on the DDA and MHM, but, 
more realistically, only predicts 28.5% of that variability. This model again, has a relatively 
low coefficient of determination and a fairly wide 95% confidence interval, and is not an 
adequate predictor of ante-mortem body weight.
Subsample Two: Negroid Male
No variables were deemed significant enough by SPSS to include in a regression 
model. Therefore, no coefficients, confidence intervals, regression equations, confidence 
interval equations, model summaries, or scatterplots were presented for this subsample.
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Subsample Three: Caucasoid Female
No variables were deemed significant enough by SPSS to include in a regression 
model. Therefore, no coefficients, confidence intervals, regression equations, confidence 
interval equations, model summaries, or scatterplots were presented for this subsample. A 
possible reason for this lack of significant correlation between ante-mortem body weight and 
independent variables may be partly due to lack of an adequate sample size. For more 
information on this problem, please see the section on problems with the experiment later in 
this chapter.
Subsample Four: Negroid Female
In subsample four, three independent variables’ Pearson’s R correlation coefficients 
were significant at the .05 level. These were PFM, RPA, and DPA. The greatest correlation 
in this subsample was between the ante-mortem body weight and PFM, with an R value of 
.429. The coefficient of determination was .184041, meaning that only 18.4% of the 
variability in an individuals ante-mortem body weight could be explained by PFM.
When creating a regression model, SPSS’ stepwise multiple linear regression 
program added PFM first, because it had the highest Pearson’s R value when compared to 
ante-mortem body weight. SPSS, however, did not find an addition independent variable 
with a high enough partial correlation to continue adding to the model.
A regression equation, therefore, was created to predict ante-mortem body weight 
from PFM. As an example of this model, imagine an individual whose PFM is 42.54 (the 
mean for subsample four). The regression equation created would appear as follows: 
ante-mortem body weight = 2.462 (42.54) - 48.856 = 58.88 kg
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Thus, for an imaginary individual with a PFM value of 42.54, this model would predict an 
ante-mortem weight of 58.88 kg. A 95% confidence interval was calculated using a two 
tailed t value multiplied by the standard error of the estimate. In this case, the 95% 
confidence interval is ± 24.71 kg, or a 49.42 kg range around the estimate.
The model summary present in the results section contains information on the 
predictive power of the regression model. Since this model only contains one independent 
variable, the R (.429) and (.184) of the model is equal to that of the independent variable, 
PFM. The adjusted R  ̂of the model is .168. This means that the model can predict 18.4% of 
the variation in ante-mortem weight based on the PFM, but, more realistically, only predicts 
16.8% of that variability. This model has a relatively low coefficient of determination and a 
fairly wide 95% confidence interval. Again, this model is not an adequate predictor of ante- 
mortem body weight.
Subsample Five: Female
In subsample five, four independent variables’ Pearson’s R correlation coefficients 
were significant at the .05 level. These were PFM, DFM, RPA, and DPA. The greatest 
correlation in this subsample was between the ante-mortem body weight and PFM, with an 
R value of .32. The coefficient of determination was .1024, meaning that only 10.2% of the 
variability in an individuals ante-mortem body weight could be explained by PFM.
When creating a regression model, SPSS’ stepwise multiple linear regression 
program added PFM first, because it had the highest Pearson’s R value when compared to 
ante-mortem body weight. SPSS, however, did not find an addition independent variable 
with a high enough partial correlation to continue adding to the model.
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A regression equation, therefore, was created to predict ante-mortem body weight 
from PFM. As an example of this model, imagine an individual whose PFM is 42.79 (the 
mean for subsample five). The regression equation created would appear as follows: 
ante-mortem body weight = 1.685 (42.79) - 16.022 = 56.08 kg 
Thus, for an imaginary individual with a PFM value of 42.79, this model would predict an 
ante-mortem weight of 56.08 kg. A 95% confidence interval was calculated using a two 
tailed t value multiplied by the standard error of the estimate. In this case, the 95% 
confidence interval is ±23.61 kg, or a 47.22 kg range around the estimate.
The model summary present in the results section contains information on the 
predictive power of the regression model. Since this model only contains one independent 
variable, the R (.32) and (.103) of the model is equal to that of the independent variable, 
PFM. The adjusted R  ̂of the model is .089. This means that the model can predict 10.3% of 
the variation in ante-mortem weight based on the PFM, but, more realistically, only predicts 
8.9% of that variability. This model has a relatively low coefficient of determination and a 
fairly wide 95% confidence interval. Again, this model is not an adequate predictor of ante- 
mortem body weight.
Subsample Six: Male
In subsample six, two independent variables’ Pearson’s R correlation coefficients 
were significant at the .05 level. These were RDA, and DDA. The greatest correlation in 
this subsample was between the ante-mortem body weight and DDA, with an R value of .28. 
The coefficient of determination was .0784, meaning that only 7.84% of the variability in an 
individuals ante-mortem body weight could be explained by DDA.
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When creating a regression model, SPSS’ stepwise multiple linear regression 
program added DDA first, because it had the highest Pearson’s R value when compared to 
ante-mortem body weight. SPSS, however, did not find an addition independent variable 
with a high enough partial correlation to continue adding to the model.
A regression equation, therefore, was created to predict ante-mortem body weight 
from DDA. As an example of this model, imagine an individual whose DDA is 19.19 (the 
mean for subsample six). The regression equation created would appear as follows;
ante-mortem body weight = .874 (19.19) + 37.681 = 54.45 kg 
Tlius, for an imaginary individual with a DDA value of 19.19, this model would predict an 
ante-mortem weight of 54.45 kg. A 95% confidence interval was calculated using a two 
tailed t value multiplied by the standard error of the estimate. In this case, the 95% 
confidence interval is ± 20.37 kg, or a 40.74 kg range around the estimate.
The model summary present in the results section contains information on the 
predictive power of the regression model. Since this model only contains one independent 
variable, the R (.28) and R  ̂(.078) of the model is equal to that of the independent variable, 
DDA. The adjusted R  ̂of the model is .070. This means that the model can predict 7.8% of 
the variation in ante-mortem weight based on the DDA, but, more realistically, only predicts 
7.0% of that variability. This model has a relatively low coefficient of determination and a 
fairly wide 95% confidence interval. Again, this model is not an adequate predictor of ante- 
mortem body weight.
Subsample Seven: Negroid
In subsample seven, two independent variables’ Pearson’s R correlation coefficients
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were significant at the .05 level. These were RPA, and DPA. The greatest correlation in this 
subsample was between the ante-mortem body weight and RPA, with an R value of -.247. 
The coefficient of determination was .061, meaning that only 6.1% of the variability in an 
individuals ante-mortem body weight could be explained by RPA.
When creating a regression model, SPSS’ stepwise multiple linear regression 
program added RPA first, because it had the highest Pearson’s R value when compared to 
ante-mortem body weight. SPSS, however, did not find an addition independent variable 
with a high enough partial correlation to continue adding to the model.
A regression equation, therefore, was created to predict ante-mortem body weight 
from RPA. As an example of this model, imagine an individual whose RPA is .9976 (the 
mean for subsample seven). The regression equation created would appear as follows;
ante-mortem body weight = -75.031 (.9976) + 129.492 = 54.64 kg 
Thus, for an imaginary individual with a RPA value of .9976, this model would predict an 
ante-mortem weight of 54.64 kg. A 95% confidence interval was calculated using a two 
tailed t value multiplied by the standard error of the estimate. In this case, the 95% 
confidence interval is ± 22.13 kg, or a 44.26 kg range around the estimate.
The model summary present in the results section contains information on the 
predictive power of the regression model. Since this model only contains one independent 
variable, the R (.247) and R  ̂(.061) of the model is equal to that of the independent variable, 
RPA. The adjusted R^of the model is .052. This means that the model can predict 6.1% of 
the variation in ante-mortem weight based on the RPA, but, more realistically, only predicts 
5.2% of that variability. This model has a relatively low coefficient of determination and a
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fairly wide 95% confidence interval. Again, this model is not an adequate predictor of ante- 
mortem body weight.
Subsample Eight: Caucasoid
In subsample eight, four independent variables’ Pearson’s R correlation coefficients 
were significant at the .05 level. These were MFM, DFM, RDA, and DDA. The greatest 
correlation in this subsample was between the ante-mortem body weight an DDA, with an R 
value of .419. The coefficient of determination was .175561, meaning that 17.5% of the 
variability in an individuals ante-mortem body weight could be explained by DDA.
When creating a regression model, SPSS’ stepwise multiple linear regression 
program added DDA first, because it had the highest Pearson’s R value when compared to 
ante-mortem body weight. Next, SPSS, added MFM to the model, as it had the next highest 
partial correlation with ante-mortem body weight. At this point, however, SPSS stopped 
adding independent variables to the model, as they did not cause a significant increase in the 
predictive power of the model.
A regression equation was created from this model to predict ante-mortem body 
weight from DDA and MFM. As an example of this model, imagine an individual whose 
DDA is 19.68 and whose MFM is 29.96 (the means for subsample eight). The regression 
equation created would appear as follows:
ante-mortem body weight = 1.272 (19.68) + 1.144 (29.96) - 4.701 = 54.6 kg 
Thus, for an imaginary individual with a DDA value of 19.68 and an MFM value of 29.96, 
this model would predict an ante-mortem weight of 54.6 kg. A 95% confidence interval was 
calculated using a two tailed t value multiplied by the standard error of the estimate. In this
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case, the 95% confidence interval is ± 19.83 kg, or a 39.66 kg range around the estimate.
The model summary present in the results section contains information on the 
predictive power of the regression model. The R value of the model is .470, the R- value of 
the model is .221, and the adjusted R  ̂in this model is .200. This means that the model can 
predict 22.1% of the variation in ante-mortem weight based on the DDA and MFM, but, 
more realistically, only predicts 20% of that variability. This model has a fairly low 
coefficient of determination and a fairly wide 95% confidence interval. Again, this model is 
not an adequate predictor of ante-mortem body weight.
Overall Trends
Several overall trends became evident through statistical analysis in SPSS. Certain 
independent variables were significant in more subsamples than other independent variables. 
For example, RPA, DPA, and DDA were significant in 4 analyses, DFM was significant in 3 
analyses, PFM and MFM were significant in two anaylses, and MHM was significant in one 
analysis. PHM, DHM, RMA, and DMA were not significant in any analysis.
Significance varied for ceratin demographic subgroups as well. RPA was significant 
in three of four subgroups in which Negroids were present. RPA was significant in three of 
four groups where females were present. RDA and DDA were significant in three of four 
subgroups where Caucasoids were present. RDA and DDA were also significant in three of 
four subgroups where males were present.
Other Considerations
Originally, twelve measurements were planned, but lack of time, statistical lack of 
bilateral asymmetry in Huxley’s (1992) sample, and little bilateral asymmetry in the first
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day’s specimen sample guided the experiment toward six. These included three 
measurements from each bone studied, right humerus and right femur.
Problems with the Data
Several problems exist within the data matrix itself. These may or may not have 
introduced bias into the study, but bear mentioning. The first problem has to do with the 
sample itself. The Terry Collection is known for its lack of caucasoid female cases. When 
certain cases were excluded from this study due to age, pathology, trauma, and wear, only 16 
caucasoid females remained. This is at least part of the reason that no regression models 
could be created for subsample three. Utilization of several collections would be advisable 
for future studies in order to obtain an adequate sample size for all demographic subgroups.
Another problem with the Terry Collection was the prevalence of wasting diseases, 
such as tuberculosis. An attempt was made to remedy this situation by removing from the 
sample any individual who had a weight of 40 kg or less at the time of their death. Although 
this method may have removed those who were worst afflicted by disease, I am fairly certain 
that some bias has been introduced to the sample from here. In the future, it would be 
advisable to carefully go through the collection’s records, and remove from the sample any 
individual who died from a wasting disease.
Other problems with this project involve measurements. On the femora of some 
cases, a highly developed linea aspera contributed to the MFM measurement, while in others 
it did not. This has most likely created a discrepancy in the sample. In future studies, 
medio-lateral midshaff diameter would be advisable.
Similarly, in a certain number of older individuals, the measurement of the DHM
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was obstructed by osteophytic growths on the humoral epicondyles. DMH was primarily 
measured with an osteometric board. These growths prohibited the use of the osteometric 
board, and digital sliding calipers were used instead. Although a comparison was made on 
non-growth humoral epicondyles between the osteometric board and sliding calipers, and no 
significant difference was found, this still may have introduced an amount of bias into the 
sample. In the future, one method of measurement should be applied consistently 
throughout the study, and cases which do not conform to this standard should be removed 
from the sample.
Additionally, the models created in SPSS seem to be particularly poor at dealing 
with very heavy individuals. Heavier individuals in all subsamples have predicted weights 
that are much lower than their actual weights. This may be caused by a number of factors. 
One possible reason is that heavier individuals may be less active that lighter individuals, 
providing less of a chance for morphological change to accumulate in their weight bearing 
bones. Another possible reason is that modeling and remodeing can only adapt so much. 
These heavier individuals may have simply overrun the adaptive ability of their skeletons.
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Chapter Five: Conclusion
The hypothesis states that differential changes in the humerus and femur due to ante- 
mortem body weight will be significant, measurable, and will correlate to ante-mortem body 
weight. The data and results obtained in this study support the hypothesis. I am able to 
reject the null hypothesis, which states that there is no difference between the humoral and 
femoral measurements that will correlate with ante-mortem body weight.
The actual goal of the project, the creation of a method of estimating ante-mortem 
weight from the adult human skeleton, was not met. Several important insights were gained, 
however. Ante-mortem weight estimation from skeletal remains is one of the last features of 
an individual’s biological profile that cannot accurately be determined. Currently, several 
methods of inquiry into this problem are being investigated, including X-Ray density 
methods (May, 1999; Wheatley, 1999) and morphological studies (Huxley, 1992). This 
paper presented the novel idea of comparing weight bearing bones to non-weight bearing 
bones, a method which has not been attempted in the past. This idea is supported by modem 
biological studies into bone modeling and remodeling and W olffs Law. Further studies into 
the estimation of ante-mortem weight from the skeleton would likely benefit from this 
approach.
The question must be asked, however, if ante-mortem weight can indeed be 
estimated from the human skeleton. With data showing the prevalence of weight changes in 
adults, as well as the knowledge that morphological change in bone requires long term 
quasi-stability (by quasi-stability, I mean at least a somewhat regular weight to which bones 
will modify to support this weight, providing quantifiable changes in those bones), perhaps
67
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the estimation o f ante-mortem weight from the skeleton is a futile goal.
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Appendix A: Complete Data Set
Number S A Age Wei Sta PHM MHM DHM PPM MFM DFM
2 R 1 0 77 45.7 176 52.2 25.1 64.1 49.5 34 85
24 R 0 0 52 49.8 155 40.4 22.9 53 41.1 29 70
35 R 1 0 60 42.7 180 52.8 25.5 70 49.4 35.5 88
53 R 0 1 60 59.2 170 44.6 18.4 56 45 27.2 74
73 R 1 1 59 58.1 165 46.1 26.1 61 45.8 31.3 81
86 R 0 0 71 56.7 163 41.3 22.5 53.6 42 27.2 72
131 R 1 1 39 62.2 170 48.1 23.4 62 48.5 29.4 82
132 R 0 0 39 44.3 155 44.7 22.2 58 41.9 28.9 73
151 R 0 0 50 59.8 158 39.4 31.5 55 41.8 29.5 77
561 0 0 22 45.5 156 42.8 20.7 57 41.9 26.5 71
563 1 1 41 45 170 51.9 27.2 69 51.3 32 87
564 1 1 48 43.3 153 44.4 23.1 61 43.4 29.7 77
565 1 0 32 55.4 177 46.2 28.6 64 45.5 30.6 80
569 1 1 63 48.8 160 52.3 25 63 53.1 32.7 88.7
570 1 0 37 43.3 175 48.9 25.3 61 49.5 30.4 81
571 1 0 31 43.3 165 48.1 24.9 59 48.5 29.6 84
573 1 1 59 47 167 51.6 21.9 63 51.2 29.4 86
574 1 0 35 45.5 168 45.9 24.2 61 46.5 31.3 81
575 1 1 47 52.2 169 45.8 22.1 64 49.7 29 81
578 1 0 32 50 171 47.3 26.8 63 48.6 30.8 83
580 1 61 44.4 156 41.3 20.7 54 42.1 26.8 72.1
581 1 0 30 67.7 184 48.8 23.9 65 51.3 30.1 83
582 1 0 49 46.6 172 47.4 25.6 63 44.8 32.2 81
584 0 40 42.3 154 42.2 20.7 58 43.2 27.4 77
585 1 1 64 43.1 168 46.8 23.6 64 50.1 30 83
588 1 1 60 47.7 167 47.4 24.5 62 49.1 27.5 80
591 1 1 28 51.1 171 50.4 24.9 66 47.7 26.5 78
592 1 0 25 50 174 46.2 27.1 63 48.3 28.5 82
593 1 0 44 53.2 173 48.8 28.5 63 48 30.3 84
594 1 0 22 71 177 50 23.6 68 48.7 30.8 88
595 1 0 25 51.1 184 47.3 23.2 68 46.4 29 81
596 1 1 48 60 171 45.5 24.8 63 49.5 28,3 82
598 1 1 61 63.3 159 45.2 21.8 59 47.1 27.2 81
599 1 1 43 48.8 168 48.7 22.4 61 49.8 31.7 81
602 1 1 49 58.1 167 53.7 26.9 69 53 32.7 91
605 R 1 1 52 59.1 171 48.7 23.3 66 49.8 31 84
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Number S A Age Wei Sta PHM MHM DHM PFM MFM DFM
607 R 1 1 75 58 1 177 45 22.2 62 48.1 29.4 83
608 1 1 45 69.9 175 48.1 25.9 65 47.8 31.7 85
610 0 0 39 73.3 165 43.4 21.4 56 43.3 31.6 73
611 0 1 65 50 169 41.2 19.2 57 45.1 29 78
615 0 0 35 97.7 165 43.5 22.5 57 45.9 29.1 74
618 1 0 60 55.5 181 49.6 23.8 67 50.6 31.2 91
636 1 1 51 53.8 169 49.4 25.2 62 51.2 31.4 84
638 1 0 55 71.4 178 48.8 24.6 66 46.7 28.5 82
641 1 1 38 53.7 168 46 21.7 59 44.9 29.1 81
642 R 1 0 51 40.9 178 50.8 25.7 68 50.8 30.1 93
643 1 0 60 61 177 53.5 24.6 67 51.5 30.7 91
645 1 1 28 43.3 188 48.7 23.1 66 51.1 30.1 87
649 1 0 51 79.6 176 46.1 23.6 66 45.5 29.8 83
665 1 1 74 45.3 170 48.9 25.2 64 48.3 33.9 82
666 0 52 62.6 159 44 21.5 59 45.4 29 77
671 1 1 65 62.7 158 47.5 22.9 59 47 31.2 77
673 1 0 38 45.6 185 52.4 26.6 72 49.6 31.1 88
677 1 0 45 45.8 163 47.9 24.2 68 47.2 30.4 82
681 1 1 53 68.6 184 52.2 27.5 65.1 52.1 34.9 82
686 1 78 61.4 154 40.9 21.2 57.9 40.7 26.5 77
696 1 1 32 63.3 183 49.7 23.7 67 56 30.9 92
698 1 0 40 58 8 178 48.4 23.4 59 47.7 29.2 83
701 1 1 55 52.2 165 46.3 23 59.6 46.7 29.8 81
707 1 0 26 42.2 187 46.7 24.6 66 48.9 33.4 84
709 1 1 50 41.1 155 47.1 22.8 68 47.7 30.8 82
711 1 0 61 63.3 187 49.2 28.2 66 49.5 35.5 80
712 1 0 47 60 166 48.1 22.1 70 48.5 31.2 84
713 1 1 69 51 176 52.6 26.9 72 51.6 33.3 88
714 1 1 71 43.3 169 49.9 23.6 65 50.7 29.9 81.2
715 1 73 45.5 158 42.7 24.3 56 43.4 27.5 77
718 1 0 22 55.5 180 50.1 26.5 64 52.5 34.4 84
719 1 0 25 51.1 170 50 24.3 64 47.9 30.7 81
720 1 1 54 72.1 156 45.5 24.9 58 46.6 30.1 77.1
723 0 22 40.8 164 41.6 24.6 56 41.9 30 74
724 1 0 42 58.8 170 45 24.1 61 49.2 32.2 78
729 R 0 31 58.4 165 40.8 20.4 57 42.7 30.7 73.6
730 1 1 71 82.1 167 49.5 25 62 47.6 31.6 82
731 1 0 63 61 166 44.9 26.4 61 46 31.6 78
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Number S A Aqe Wei Sta PHM MHM DHM PFM MFM DFM
739 1 1 40 43.4 181 50.6 23.1 65 51.8 31 87
747 1 1 45 62.4 172 49.4 21.2 67 50 28.6 88
751 1 1 41 50.5 174 48.3 23.8 62 48.6 29.5 85
755 1 1 36 56.6 169 50.3 25.2 61 48.1 31.5 84
756 1 1 47 49.7 165 49.5 23.4 59 48.9 27.8 80
761 0 0 80 54 162 45.3 27.2 63 47.5 32.4 83
763 1 1 46 54.8 179 47.8 22.5 56 47.9 32.1 81
795 1 1 51 54.1 180 49.7 24.8 68 50.7 31.3 88
801 1 0 65 71.2 172 46.7 26 62.1 47.1 34 83
812 1 1 56 82.8 172 50.5 24 61 47.4 31.2 85
815 0 0 32 83 170 41.5 22.6 56 44 29.9 79
821 1 0 27 56.1 174 52.1 25.2 71 49.9 30.4 88
824 0 0 30 50.1 162 40.1 20.6 57 40.1 22.2 71
828 1 1 48 52.3 165 49.3 23.5 66 49.4 29.9 84.8
831 0 0 44 98 166 44.1 27.3 63 44.1 31.3 79
846 1 1 48 41.7 167 50.2 23.3 61 49 27.7 80
854 0 1 72 61.4 174 44.8 20.3 60.5 44.2 29.5 78.6
869 0 1 59 56.6 153 42.8 20.1 51.9 50 26.5 74
872 1 1 48 42.6 169 49.6 22.9 67 48 27.2 84
873 R 0 0 48 45.5 161 38.1 23.1 56.8 38.9 30.2 71
883 R 1 0 40 60.3 172 46 23.3 65 45.5 26.9 83
886 0 0 23 46.5 167 40.4 20.4 57 41.5 26.3 74
895 1 1 47 50.7 183 50.1 23.3 63 51.8 36.7 87
904 R 0 1 52 61.2 159 43.3 22.7 56 43.2 26.2 74
913 0 0 27 50.8 160 41.4 21.1 59 40.6 28.6 75
924 1 1 43 43.3 175 47.6 22.7 70 47.9 28.1 82
926 0 0 23 58.4 167 42.1 19.4 56 42.4 26.1 71
927 0 0 35 64.8 162 42.1 21.1 60 40.7 28.9 76
931 1 1 67 55.5 172 47.5 25.3 64 52.8 31.2 80
945 R 1 0 48 69 168 44.9 22 64 46.4 27.7 84
948 0 0 39 45.1 154 42.5 18.7 54 40.9 26.1 76
959 0 0 46 66.7 166 42.3 20.1 58.4 45.2 27.4 78
966 1 0 51 45.4 165 46.7 21.2 61 45.9 27.2 74.9
971 1 0 41 41.5 189 48.7 24.7 61.7 46.2 32.2 79
975 1 1 60 44.5 170 48.6 24.9 65 46.9 30.1 82
979 1 1 85 41.8 179 47.8 23.7 69 51 30 84
980 1 0 63 42.1 171 49.4 28.9 67 48.7 32.6 84.4
984 1 1 68 96.4 173 49.2 24.3 63.1 51 33 88
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Number S A Age Wei Sta PHM MHM DHM PFM MFM DFM
987 1 0 23 46.7 200 53.2 28.6 67 51.4 33.4 93
990 1 0 28 49.6 167 45.5 22.4 58 43.9 32.4 79
994 0 0 30 56.3 177 44.7 21.8 56 44.2 29.2 76
1001 1 0 32 60.7 178 49.5 25.3 59 47.7 31 85
1002 1 0 50 47.4 159 45.2 23.4 64 45 31.7 73
1005 1 0 52 53.3 183 48.4 25.2 61 46.4 35 77
1006 0 0 27 67.4 160 41 21 57 41.3 27.9 71
1007 R 1 0 39 40.8 179 45.2 23.4 62 48.5 28 77
1009 1 1 60 56.6 174 48.8 27 66 54.5 30 87
1012 1 0 74 54.1 174 53.6 29.1 72 56.6 34.6 91
1013 1 0 30 54.2 175 48.1 26.6 65 48.4 34.6 82
1034 0 0 48 43.5 169 44.9 23.4 64 44.4 29.7 84
1058 0 1 68 52.7 159 41.1 21.4 52.1 42.6 26.9 73
1076 0 0 26 44.3 160 42.6 21.6 55 41.3 29.1 74
1079 1 1 47 65.4 177 49.3 26.1 65 51.8 31.6 86
1081 1 0 40 68.6 177 48.8 26.3 65.5 49.8 33.7 84
1083 0 0 40 48.7 162 42.9 22.6 58 41.8 26.5 77
1084 1 1 47 67.4 178 52.9 26.9 68 50.1 33.8 90
1085 R 0 1 71 41.3 165 46.9 25.1 58.1 46.8 29.9 80
1089 1 1 43 85.3 183 49.6 24.3 64 50.5 33.8 90
1094 0 1 57 50.6 164 42.6 22.4 58 42.3 28.3 74
1126 1 1 38 57.9 180 55.2 25.7 69 51.2 29.9 87
1127 0 0 46 42.2 150 41.1 19.7 50 39.9 26.2 71
1148 1 0 23 61.1 181 48.7 24.7 65 47.3 31.7 82
1153 0 1 30 40.1 155 42.9 20.4 50 42 25.9 71
1164 0 0 27 56.8 157 39.7 19.7 51 39.7 26.3 70
1165 1 0 26 44.5 184 49.7 25.7 65 48.7 32.3 86
1170 1 1 41 55.6 171 49.1 22.1 60 51 31.2 85
1173 0 0 38 41.1 168 43.3 21.9 62 43.4 27.9 76
1187 1 0 21 55.7 178 47.4 25.4 66 48.2 30.6 86
1195 1 0 29 45.1 178 49.1 25 65 45.2 36.6 82
1198 0 0 42 81.1 165 43.1 20.8 61 45.7 27.5 81
1203 0 0 85 40.2 146 40.6 23.3 51 37.9 26.4 70
1206 1 0 25 47.6 166 41 23.4 59 43.1 27.6 74
1211 0 0 27 42.1 147 44.1 22 60 42.4 29.4 70
1224 1 0 61 43.3 177 51.9 26.6 69.3 51.5 32.7 86
1240 1 0 78 46.9 167 49.2 25.8 67.8 50.4 32.2 83
1242 1 1 48 66.1 181 50.5 24.6 64 51.4 30.9 85
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
Number S A Aqe Wei Sta PHM MHM DHM PFM MFM DFM
1247 1 0 53 63.1 171 50.5 25.3 61 50.5 31.8 80
1250 1 1 53 55.1 176 46 21.5 61 50.1 28.5 85
1252 0 0 50 55.4 160 41.5 20.7 55.6 43 28.4 80
1255 1 1 39 40.7 160 45.8 21.9 58 41.6 27.9 74
1264 1 0 45 48.6 183 52.6 26.6 71 51.7 35.3 86
1272 R 1 1 57 56.5 170 46.9 25 60.1 47.9 30.6 80
1291 1 0 52 61.5 177 51.1 27.5 72.5 50.9 34.4 93
1311 0 0 32 52.1 156 42.5 20.8 56.3 39.8 26.1 76
1314 0 0 61 62.4 161 39.6 23 57 42 27.1 70
1318 1 1 43 54.1 179 46.4 24.3 65 47.3 30.2 84
1323 1 0 50 57 175 49.3 25 64 49.3 32.8 83
1338 0 0 84 40.5 156 40.9 20.6 55 39.8 27.9 76
1341 0 0 60 46 157 40.1 21.1 56 41.6 29.1 76
1343 0 0 64 64.4 164 45.6 25.4 60.2 46.1 29.2 78
1358 0 0 65 64.5 170 45.4 24.1 60 46.7 31.5 83
1380 1 0 63 60.3 177 48.5 24.6 67.8 48.7 32 83
1400 1 0 68 45.7 161 43.6 25.8 62 45.4 29.7 80
1403 0 0 57 50.4 169 42.5 21.9 58 44.4 28.4 77
1405 0 1 67 47.6 167 44.8 22.1 61 45.6 28.6 76
1406 0 0 63 47.3 166 42.5 23.2 56.2 44.9 31.6 75
1410 0 0 56 61.8 170 41.8 24.3 54.7 44.9 30 81
1416 0 0 70 44.4 163 40.1 24.9 63.9 42.6 29.2 76
1418 1 0 70 49.6 169 51.9 28 66.6 54 33.9 89
1427 1 1 38 49.3 180 49.3 24.7 66 48.3 31.2 84
1441 0 0 35 50.7 163 40.6 23.6 58 42.3 28.6 74
1456 0 1 60 49.8 152 40.1 18.9 52.4 40.3 28.7 71
1458 1 1 37 40.5 170 49.4 21.8 65 46.8 27.3 82
1460 R 1 0 58 50.1 175 48.7 24.5 59.8 47.1 30.2 82
1462 0 0 54 54.7 161 40.7 19.4 52.2 40.5 27 68
1464 0 0 45 61.7 154 42.4 20.1 55 39.6 25.4 73
1466 1 0 22 55.8 175 48.9 23.8 63 48.3 30.7 84
1468 0 0 41 51.3 168 45.7 20.9 66 44.9 28.4 80
1479 R 0 0 43 57.3 161 42.9 23.9 58.6 43.1 29.7 74
1480 0 1 64 45.2 160 42.5 23.1 56.9 42.6 30.8 73
1483 0 0 95 50.9 164 40.9 25.8 60 44.2 29.9 75
1515 0 0 43 77.8 158 41.7 23 55.3 42.7 28.6 78
1517 0 1 76 61.3 161 43.4 20.3 58 42 28.6 78
1524 0 0 64 61.8 161 45.2 25.7 58 46.1 33.4 79
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Number S A Age Wei Sta PHM MHM DHM PFM MFM DFM
1553 0 0 30 48.1 149 35.4 19.8 49 36.2 27.1 67
S = sex: 0 = female, 1 = male
A = ancestry: 0 = negroid, 1 = caucasoid
Age = age in years
Wei = weight in kilograms
Sta = stature in centimeters
PHM = proximal humerus measurement, or maximum vertical diameter of the humoral head 
MHM = medial humerus measurement, or maximum midshaft diameter of the humerus 
DHM = distal humerus measurement, or maximum epicondylar breadth of the humerus 
PFM = proximal femur measurement, or maximum vertical diameter of the femoral head 
MFM = medial femoral measurement, or maximum midshaft diameter of the femur 
DFM = distal femoral measurement, or maximum epicondylar breadth of the femur
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Number S A Age Wei Sta RPA RMA RDA DPA DMA DDA
2 R 1 0 77 45.7 176 1.05 0.74 0.75 -2.7 8.9 20.9
24 R 0 0 52 49.8 155 0.98 0.79 0.76 0.7 6.1 17
35 R 1 0 60 42.7 180 1.07 0.72 0.8 -3.4 10 18
53 R 0 1 60 59.2 170 0.99 0.68 0.76 0.4 8.8 18
73 R 1 1 59 58.1 165 1.01 0.83 0.75 -0.3 5.2 20
86 R 0 0 71 56.7 163 0.98 0.83 0.74 0.7 4.7 18.4
131 R 1 1 39 62.2 170 0.99 0.8 0.76 0.4 6 20
132 R 0 0 39 44.3 155 1.07 0.77 0.79 -2.8 6.7 15
151 R 0 0 50 59.8 158 0.94 1.07 0.71 2.4 -2 22
561 0 0 22 45.5 156 1.02 0.78 0.8 -0.9 5.8 14
563 1 1 41 45 170 1.01 0.85 0.79 -0.6 4.8 18
564 1 1 48 43.3 153 1.02 0.78 0.79 -1 6.6 16
565 1 0 32 55.4 177 1.02 0.93 0.8 -0.7 2 16
569 1 1 63 48.8 160 0.98 0.76 0.71 0.8 7.7 25.7
570 1 0 37 43.3 175 0.99 0.83 0.75 0.6 5.1 20
571 1 0 31 43.3 165 0.99 0.84 0.7 0.4 4.7 25
573 1 1 59 47 167 1.01 0.74 0.73 -0.4 7.5 23
574 1 0 35 45.5 168 0.99 0.77 0.75 0.6 7.1 20
575 1 1 47 52.2 169 0.92 0.76 0.79 3.9 6.9 17
578 1 0 32 50 171 0.97 0.87 0.76 1.3 4 20
580 0 1 61 44.4 156 0.98 0.77 0.75 0.8 6.1 18.1
581 1 0 30 67.7 184 0.95 0.79 0.78 2.5 6.2 18
582 1 0 49 46.6 172 1.06 0.8 0.78 -2.6 6.6 18
584 0 0 40 42.3 154 0.98 0.76 0.75 1 6.7 19
585 1 1 64 43.1 168 0.93 0.79 0.77 3.3 6.4 19
588 1 1 60 47.7 167 0.97 0.89 0.78 1.7 3 18
591 1 1 28 51.1 171 1.06 0.94 0.85 -2.7 1.6 12
592 1 0 25 50 174 0.96 0.95 0.77 2.1 1.4 19
593 1 0 44 53.2 173 1.02 0.94 0.75 -0.8 1.8 21
594 1 0 22 71 177 1.03 0.77 0.77 -1.3 7.2 20
595 1 0 25 51.1 184 1.02 0.8 0.84 -0.9 5.8 13
596 1 1 48 60 171 0.92 0.88 0.77 4 3.5 19
598 1 1 61 63.3 159 0.96 0.8 0.73 1.9 5.4 22
599 1 1 43 48.8 168 0.98 0.71 0.75 1.1 9.3 20
602 1 1 49 58.1 167 1.01 0.82 0.76 -0.7 5.8 22
605 R 1 1 52 59.1 171 0.98 0.75 0.79 1.1 7.7 18
607 R 1 1 75 58.1 177 0.94 0.76 0.75 3.1 7.2 21
608 1 1 45 69.9 175 1.01 0.82 0.76 -0.3 5.8 20
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Number S A Age Wei Sta RPA RMA RDA DPA DMA DDA
610 0 0 39 73.3 165 1 0.68 0.77 -0.1 10.2 17
611 0 1 65 50 169 0.91 0.66 0.73 3.9 9.8 21
615 0 0 35 97.7 165 0.95 0.77 0.77 2.4 6.6 17
618 1 0 60 55.5 181 0.98 0.76 0.74 1 7.4 24
636 1 1 51 53.8 169 0.96 0.8 0.74 1.8 6.2 22
638 1 0 55 71.4 178 1.04 0.86 0.8 -2.1 3.9 16
641 1 1 38 53.7 168 1.02 0.75 0.73 -1.1 7.4 22
642 R 1 0 51 40.9 178 1 0.85 0.73 0 4.4 25
643 1 0 60 61 177 1.04 0.8 0.74 -2 6.1 24
645 1 1 28 43.3 188 0.95 0.77 0.76 2.4 7 21
649 1 0 51 79.6 176 1.01 0.79 0.8 -0.6 6.2 17
665 1 1 74 45.3 170 1.01 0.74 0.78 -0.6 8.7 18
666 0 0 52 62.6 159 0.97 0.74 0.77 1.4 7.5 18
671 1 1 65 62.7 158 1.01 0.73 0.77 -0.5 8.3 18
673 1 0 38 45.6 185 1.06 0.86 0.82 -2.8 4.5 16
677 1 0 45 45.8 163 1.01 0.8 0.83 -0.7 6.2 14
681 1 1 53 68.6 184 1 0.79 0.79 -0.1 7.4 16.9
686 0 1 78 61.4 154 1 0.8 0.75 -0.2 5.3 19.1
696 1 1 32 63.3 183 0.89 0.77 0.73 6.3 7.2 25
698 1 0 40 58.8 178 1.01 0.8 0.71 -0.7 5.8 24
701 1 1 55 52.2 165 0.99 0.77 0.74 0.4 6.8 21.4
707 1 0 26 42.2 187 0.96 0.74 0.79 2.2 8.8 18
709 1 1 50 41.1 155 0.99 0.74 0.83 0.6 8 14
711 1 0 61 63.3 187 0.99 0.79 0.83 0.3 7.3 14
712 1 0 47 60 166 0.99 0.71 0.83 0.4 9.1 14
713 1 1 69 51 176 1.02 0.81 0.82 -1 6.4 16
714 1 1 71 43.3 169 0.98 0.79 0.8 0.8 6.3 16.2
715 0 1 73 45.5 158 0.98 0.88 0.73 0.7 3.2 21
718 1 0 22 55.5 180 0.95 0.77 0.76 2.4 7.9 20
719 1 0 25 51.1 170 1.04 0.79 0.79 -2.1 6.4 17
720 1 1 54 72.1 156 0.98 0.83 0.75 1.1 5.2 19.1
723 0 0 22 40.8 164 0.99 0.82 0.76 0.3 5.4 18
724 1 0 42 58.8 170 0.91 0.75 0.78 4.2 8.1 17
729 R 0 0 31 58.4 165 0.96 0.66 0.77 1.9 10.3 16.6
730 1 1 71 82.1 167 1.04 0.79 0.76 -1.9 6.6 20
731 1 0 63 61 166 0.98 0.84 0.78 1.1 5.2 17
739 1 1 40 43.4 181 0.98 0.75 0.75 1.2 7.9 22
747 1 1 45 62.4 172 0.99 0.74 0.76 0.6 7.4 21
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751 1 1 41 50.5 174 0.99 0.81 0.73 0.3 5.7 23
755 1 1 36 56.6 169 1.05 0.8 0.73 -2.2 6.3 23
756 1 1 47 49.7 165 1.01 0.84 0.74 -0.6 4.4 21
761 0 0 80 54 162 0.95 0.84 0.76 2.2 5.2 20
763 1 1 46 54.8 179 1 0.7 0.69 0.1 9.6 25
795 1 1 51 54.1 180 0.98 0.79 0.77 1 6.5 20
801 1 0 65 71.2 172 0.99 0.76 0.75 0.4 8 20.9
812 1 1 56 82.8 172 1.07 0.77 0.72 -3.1 7.2 24
815 0 0 32 83 170 0.94 0.76 0.71 2.5 7.3 23
821 1 0 27 56.1 174 1.04 0.83 0.81 -2.2 5.2 17
824 0 0 30 50.1 162 1 0.93 0.8 0 1.6 14
828 1 1 48 52.3 165 1 0.79 0.78 0.1 6.4 18.8
831 0 0 44 98 166 1 0.87 0.8 0 4 16
846 1 1 48 41.7 167 1.02 0.84 0.76 -1.2 4.4 19
854 0 1 72 61.4 174 1.01 0.69 0.77 -0.6 9.2 18.1
869 0 1 59 56.6 153 0.86 0.76 0.7 7.2 6.4 22.1
872 1 1 48 42.6 169 1.03 : 0.84 0.8 -1.6 4.3 17
873 R 0 0 48 45.5 161 0.98 0.76 0.8 0.8 7.1 14.2
883 R 1 0 40 60.3 172 1.01 0.87 0.78 -0.5 3.6 18
886 0 0 23 46.5 167 0.97 0.78 0.77 1.1 5.9 17
895 1 1 47 50.7 183 0.97 0.63 0.72 1.7 13.4 24
904 R 0 1 52 61.2 159 1 0.87 0.76 -0.1 3.5 18
913 0 0 27 50.8 160 1.02 0.74 0.79 -0.8 7.5 16
924 1 1 43 43.3 175 0.99 0.81 0.85 0.3 5.4 12
926 0 0 23 58.4 167 0.99 0.74 0.79 0.3 6.7 15
927 0 0 35 64.8 162 1.03 0.73 0.79 -1.4 7.8 16
931 1 1 67 55.5 172 0.9 0.81 0.8 5.3 5.9 16
945 R 1 0 48 69 168 0.97 0.79 0.76 1.5 5.7 20
948 0 0 39 45.1 154 1.04 0 72 0.71 -1.6 7.4 22
959 0 0 46 66.7 166 0.94 0.73 0.75 2.9 7.3 19.6
966 1 0 51 45.4 165 1.02 0.78 0.81 -0.8 6 13.9
971 1 0 41 41.5 189 1.05 0.77 0.78 -2.5 7.5 17.3
975 1 1 60 44.5 170 1.04 0.83 0.79 -1.7 5.2 17
979 1 1 85 41.8 179 0.94 0.79 0.82 3.2 6.3 15
980 1 0 63 42.1 171 1.01 0.89 0.79 -0.7 3.7 17.4
984 1 1 68 96.4 173 0.96 0.74 0.72 1.8 8.7 24.9
987 1 0 23 46.7 200 1.04 0.86 0.72 -1.8 4.8 26
990 1 0 28 49.6 167 1.04 0.69 0.73 -1.6 10 21
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994 0 0 30 56.3 177 1.01 0.75 0.74 -0.5 7.4 20
1001 1 0 32 60.7 178 1.04 0.82 0.69 -1.8 5.7 26
1002 1 0 50 47.4 159 1 0.74 0.88 -0.2 8.3 9
1005 1 0 52 53.3 183 1.04 0.72 0.79 -2 9.8 16
1006 0 0 27 67.4 160 0.99 0.75 0.8 0.3 6.9 14
1007 R 1 0 39 40.8 179 0.93 0.84 0.81 3.3 4.6 15
1009 1 1 60 56.6 174 0.9 0.9 0.76 5.7 3 21
1012 1 0 74 54.1 174 0.95 0.84 0.79 3 5.5 19
1013 1 0 30 54.2 175 0.99 0.77 0.79 0.3 8 17
1034 0 0 48 43.5 169 1.01 0.79 0.76 -0.5 6.3 20
1058 0 1 68 52.7 159 0.96 0.8 0.71 1.5 5.5 20.9
1076 0 0 26 44.3 160 1.03 0.74 0.74 -1.3 7.5 19
1079 1 1 47 65.4 177 0.95 0.83 0.76 2.5 5.5 21
1081 1 0 40 68.6 177 0.98 0.78 0.78 1 7.4 18.5
1083 0 0 40 48.7 162 1.03 0.85 0.75 -1.1 3.9 19
1084 1 1 47 67.4 178 1.06 0.8 0.76 -2.8 6.9 22
1085 R 0 1 71 41.3 165 1 0.84 0.73 -0.1 4.8 21.9
1089 1 1 43 85.3 183 0.98 0.72 0.71 0.9 9.5 26
1094 0 1 57 50.6 164 1.01 0.79 .0.78 -0.3 5.9 16
1126 1 1 38 57.9 180 1.08 0.86 0.79 -4 4.2 18
1127 0 0 46 42.2 150 1.03 0.75 0.7 -1.2 6.5 21
1148 1 0 23 61.1 181 1.03 0.78 0.79 -1.4 7 17
1153 0 1 30 40.1 155 1.02 0.79 0.7 -0.9 5.5 21
1164 0 0 27 56.8 157 1 0.75 0.73 0 6.6 19
1165 1 0 26 44.5 184 1.02 0.8 0.76 -1 6.6 21
1170 1 1 41 55.6 171 0.96 0.71 0.71 1.9 9.1 25
1173 0 0 38 41.1 168 1 0.78 0.82 0.1 6 14
1187 1 0 21 55.7 178 0.98 0.83 0.77 0.8 5.2 20
1195 1 0 29 45.1 178 1.09 0.68 0.79 -3.9 11.6 17
1198 0 0 42 81.1 165 0.94 0.76 0.75 2.6 6.7 20
1203 0 0 85 40.2 146 1.07 0.88 0.73 -2.7 3.1 19
1206 1 0 25 47.6 166 0.95 0.85 0.8 2.1 4.2 15
1211 0 0 27 42.1 147 1.04 0.75 0.86 -1.7 7.4 10
1224 1 0 61 43.3 177 1.01 0.81 0.81 -0.4 6.1 16.7
1240 1 0 78 46.9 167 0.98 0.8 0.82 1.2 6.4 15.2
1242 1 1 48 66.1 181 0.98 0.8 0.75 0.9 6.3 21
1247 1 0 53 63.1 171 1 0.8 0.76 0 6.5 19
1250 1 1 53 55.1 176 0.92 0.75 0.72 4.1 7 24
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
79
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1252 0 0 50 55.4 160 0.97 0.73 0.7 1.5 7.7 24.4
1255 1 1 39 40.7 160 1.1 0.78 0.78 -4.2 6 16
1264 1 0 45 48.6 183 1.02 0.75 0.83 -0.9 8.7 15
1272 R 1 1 57 56.5 170 0.98 0.82 0.75 1 5.6 19.9
1291 1 0 52 61.5 177 1 0.8 0.78 -0.2 6.9 20.5
1311 0 0 32 52.1 156 1.07 0.8 0.74 -2.7 5.3 19.7
1314 0 0 61 62.4 161 0.94 0.85 0.81 2.4 4.1 13
1318 1 1 43 54.1 179 0.98 0.8 0.77 0.9 5.9 19
1323 1 0 50 57 175 1 0.76 0.77 0 7.8 19
1338 0 0 84 40.5 156 1.03 0.74 0.72 -1.1 7.3 21
1341 0 0 60 46 157 0.96 0.73 0.74 1.5 8 20
1343 0 0 64 64.4 164 0.99 0.87 0.77 0.5 3.8 17.8
1358 0 0 65 64.5 170 0.97 0.77 0.72 1.3 7.4 23
1380 1 0 63 60.3 177 1 0.77 0.82 0.2 7.4 15.2
1400 1 0 68 45.7 161 0.96 0.87 0.78 1.8 3.9 18
1403 0 0 57 50.4 169 0.96 0.77 0.75 1.9 6.5 19
1405 0 1 67 47.6 167 0.98 0.77 0.8 0.8 6.5 15
1406 0 0 63 47.3 166 0.95 0.73 0.75 2.4 8.4 18.8
1410 0 0 56 61.8 170 0.93 , 0.81 0.68 3.1 5.7 26.3
1416 0 0 70 44.4 163 0.94 0.85 0.84 2.5 4.3 12.1
1418 1 0 70 49.6 169 0.96 0.83 0.75 2.1 5.9 22.4
1427 1 1 38 49.3 180 1.02 0.79 0.79 -1 6.5 18
1441 0 0 35 50.7 163 0.96 0.83 0.78 1.7 5 16
1456 0 1 60 49.8 152 1 0.66 0.74 0.2 9.8 18.6
1458 1 1 37 40.5 170 1.06 0.8 0.79 -2.6 5.5 17
1460 R 1 0 58 50.1 175 1.03 0.81 0.73 -1.6 5.7 22.2
1462 0 0 54 54.7 161 1 0.72 0.77 -0.2 7.6 15.8
1464 0 0 45 61.7 154 1.07 0.79 0.75 -2.8 5.3 18
1466 1 0 22 55.8 175 1.01 0.78 0.75 -0.6 6.9 21
1468 0 0 41 51.3 168 1.02 0.74 0.83 -0.8 7.5 14
1479 R 0 0 43 57.3 161 1 0.8 0.79 0.2 5.8 15.4
1480 0 1 64 45.2 160 1 0.75 0.78 0.1 7.7 16.1
1483 0 0 95 50.9 164 0.93 0.86 0.8 3.3 4.1 15
1515 0 0 43 77.8 158 0.98 0.8 0.71 1 5.6 22.7
1517 0 1 76 61.3 161 1.03 0.71 0.74 -1.4 8.3 20
1524 0 0 64 61.8 161 0.98 0.77 0.73 0.9 7.7 21
1553 0 0 30 48.1 149 0.98 0.73 0.73 0.8 7.3 18
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S = sex: G = female, 1 = male
A = ancestry: 0 = negroid, 1 = caucasoid
Age = age in years
Wei = weight in kilograms
Sta = stature in centimeters
RPA = ratio of the proximal aspect, or PHM/PFM
RMA = ratio of the medial aspect, or MHM/MFM
RDA = ratio of the distal aspect, or DFEVI/DFM
DPA = difference of the proximal aspect, or PFM-PHM
DMA = difference of the medial aspect, of MFM-MHM
DDA = difference of the distal aspect, or DFM-DHM
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Glossary of Acronyms
ARF = activation-resorption-formation sequence of osteoblasts and osteoclasts
BMD — bone mineral density
BMU = basic multicellular unit
DDA = difference of the distal aspect, or DFM-DHM
DFM = distal femoral measurement, or maximum epicondylar breadth of the femur
DHM = distal humerus measurement, or maximum epicondylar breadth of the humerus
DMA = difference of the medial aspect, of MFM-MHM
DPA = difference of the proximal aspect, or PFM-PHM
MAL = articular arc length of the talus
MAW = articular arc width of the talus
MFM = medial femoral measurement, or maximum midshaft diameter of the femur
MHM = medial humerus measurement, or maximum midshaft diameter of the humerus
PFM = proximal femur measurement, or maximum vertical diameter of the femoral head
PHM = proximal humerus measurement, or maximum vertical diameter of the humoral head
RDA = ratio of the distal aspect, or DHM/DFM
RMA = ratio of the medial aspect, or MHM/MFM
RPA = ratio of the proximal aspect, or PHM/PFM
SATMU = structural adaptation to mechanical usage
SPSS = statistical software
STH = standard height of the body of the talus
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